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CHAPTER 1
MINING SYSTEMS

INTRODUCTION

The general plan for extraction of a mineral deposit involves the driving of develop-
ment openings, from the surface, or from a central shaft, to ““block out” portions
of the deposit. These development openings furnish information as to thickness,
width, dip, grade, etc., of the deposit. They also serve as openings for circulation
of ventilation air, as haulageways for material, supplies,and extracted mineral, and as
access openings from which working faces for actual extraction operations are driven.

Deposits of coal, and most other non-metallic minerals, such as salt, borates,
clay, limestone, usually occur in “beds” or ‘“seams’ which are most commonly
flat-lying or only slightly inclined. Such minerals normally occur as deposits of
considerable areal extent, of fairly uniform thickness, and of consistent dip. Their
relatively flat inclination simplifies exploration by drilling from the surface; there-
fore the characteristics of such a deposit can be determined before actual mining
commences. This permits detailed advance planning of an extraction system.

In contrast to the non-metallic minerals most metalliferous deposits tend to be
somewhat irregular in outline and variable in thickness and in tenor of ore, and
usually only the near-surface portions can be economically explored by drilling from
the surface before mining commences.

A number of commercially valuable minerals commonly occur as bedded
deposits. Included in this classification are coal, salt, limestone, potash, gypsum,
borax, trona, phosphate, some iron ores, and some uranium ores. Of these, coal is
by far the most important, both economically and in total tonnage produced.

DOMESTIC COAL PRODUCTION

During the past several years the United States annual production of bituminous
coal and lignite has been slightly over 400 million tons. Demand for total energy
continues to increase but petroleum and natural gas are encroaching increasingly
into the fields formerly served by coal.

Table 1 shows that maximum coal production occurred in 1947 and that there
has been a subsequent decline in demand which leveled off in about 1958.

Table 3 shows the steady decline in production of Pennsylvania anthracite which
has been in progress since the 1920’s.



COAL MINING METHODS

TABLE 1. GROWTH OF THE BITUMINOUS COAL AND LIGNITE MINING INDUSTRY IN THE
UNITED STATES(!®)

) Value of production Number Cap:tcny Foreign trade*
Year Production of 280 days
(net tons) Average mines (million Exports Imports

Total per ton tons) (net tons) |(net tons)
1890 111,302,322 $110,420,801 $0.99 + 137 1,272,396 | 1,047,416
1891 117,901,238 117,188,400 0.99 + 148 1,651,694 | 1,181,677
1892 126,856,567 125,124,381 0.99 T 162 1,904,556 | 1,491,800
1893 | 128,385,231 122,751,618 0.96 t 174 1,986,383 | 1,234,499
1894 | 118,820,405 107,653,501 0.91 t 196 2,439,720 | 1,286,268
1895 135,118,193 115,779,771 0.86 2,555 196 2,659,987 | 1,411,323
1896 137,640,276 114,891,515 0.83 2,599 202 2,515,838 | 1,393,095
1897 147,617,519 119,595,224 0.81 2,454 213 2,670,157 | 1,442,534
1898 166,593,623 132,608,713 0.80 2,862 221 3,004,304 | 1,426,108
1899 193,323,187 167,952,104 0.87 3,245 230 3,897,994 | 1,409,838
1900 | 212,316,112 220,930,313 1.04 t 255 6,060,288 | 1,911,925
1901 225,828,149 236,422,049 1.05 T 281 6,455,085 | 2,214,507
1902 | 260,216,844 290,858,483 1.12 t 316 6,048,777 | 2,174,393
1903 | 282,749,348 351,687,933 1.24 T 350 5,835,561 | 4,043,519
1904 | 278,659,689 305,397,001 1.10 4,650 386 7,206,879 | 2,179,882
1905 | 315,062,785 334,658,294 1.06 5,060 417 7,512,723 | 1,704,810
1906 | 342,874,867 381,162,115 1.11 4,430 451 8,014,263 | 2,039,169
1907 | 394,759,112 451,214,842 1.14 4,550 473 9,869,812 | 1,892,653
1908 | 332,573,944 374,135,268 1.12 4,730 482 11,071,152 | 2,219,243
1909 | 379,744,257 405,486,777 1.07 5,775 510 10,101,131 1,375,201
1910 | 417,111,142 469,281,719 1.12 5,818 538 11,663,052 | 1,819,766
1911 405,907,059 451,375,819 1.11 5,887 538 13,259,791 1,972,555
1912 | 450,104,982 517,983,445 1.15 5,747 566 16,475,029 | 1,456,333
1913 | 478,435,297 565,234,952 1.18 5,776 577 18,013,073 | 1,767,656
1914 | 422,703,970 493,309,244 1.17 5,592 608 17,589,562 | 1,520,962
1915 | 442,624,426 502,037,688 1.13 5,502 610 18,776,640 | 1,703,785
1916 | 502,519,682 665,116,077 1.32 5,726 613 21,254,627 | 1,713,837
1917 | 551,790,563 | 1,249,272,837 2.26 6,939 636 23,839,558 | 1,448,453
1918 | 579,385,820 | 1,491,809,940 2.58 8,319 650 22,350,730 | 1,457,073
1919 | 465,860,058 | 1,160,616,013 2.49 8,994 669 20,113,536 | 1,011,550
1920 | 568,666,683 | 2,129,933,000 3.75 8,921 725 38,517,084 | 1,244,990
1921 415,921,950 | 1,199,983,600 2.89 8,038 781 23,131,166 | 1,257,589
1922 | 422,268,099 | 1,274,820,000 3.02 9,299 832 12,413,085 | 5,059,999
1923 | 564,564,662 | 1,514,621,000 2.68 9,331 885 21,453,579 | 1,882,306
1924 | 483,686,538 | 1,062,626,000 2.20 7,586 792 17,100,347 417,266
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TABLE 1 (cont.)

. ) Value of production Number Cap;cnty Foreign trade*
Year roduction of 280 days
(net tons) A . i
Total verage mines (million Exports Imports

per ton tons) (net tons) | (net tons)
1925 | 520,052,741 | 1,060,402,000 2.04 7,144 748 17,461,560 601,737
1926 | 573,366,985 | 1,183,412,000 2.06 7,177 747 35,271,937 485,666
1927 | 517,763,352 | 1,029,657,000 1.99 7,011 759 18,011,744 549,843
1928 | 500,744,970 933,774,000 1.86 6,450 691 16,164,485 546,526
1929 | 534,988,593 952,781,000 1.78 6,057 679 17,429,298 495,219
1930 | 467,526,299 795,483,000 1.70 5,891 700 15,877,407 240,886
1931 | 382,089,396 588,895,000 1.54 5,642 669 12,126,299 206,303
1932 | 309,709,872 406,677,000 1.31 5,427 594 8,814,047 186,909
1933 | 333,630,533 445,788,000 1.34 5,555 559 9,036,947 197,429
1934 | 359,368,022 628,383,000 1.75 6,258 565 10,868,552 179,661
1935 | 372,373,122 658,063,000 1.77 6,315 582 9,742,430 201,871
1936 | 439,087,903 770,955,000 1.76 6,875 618 10,654,959 271,798
1937 | 445,531,449 864,042,000 1.94 6,548 646 13,144,678 257,996
1938 | 348,544,764 678,653,000 1.95 5,777 602 10,490,269 241,305
1939 | 394,855,325 728,348,366 1.84 5,820 621 11,590,478 355,115
1940 | 460,771,500 879,327,227 1.91 6,324 639 16,465,928 371,571
1941 | 514,149,245 | 1,125,362,836 2.19 6,822 666 20,740,471 390,049
1942 | 582,692,937 | 1,373,990,608 2.36 6,972 663 22,943,305 498,103
1943 | 590,177,069 | 1,584,644,477 2.69 6,620 626 25,836,208 757,634
1944 | 619,576,240 | 1,810,900,542 2.92 6,928 624 26,032,348 633,689
1945 | 577,617,327 | 1,768,204,320 3.06 7,033 620 27,956,192 467,473
1946 | 533,922,068 | 1,835,539,476 3.44 7,333 699 41,197,378 434,680
1947 | 630,623,722 | 2,622,634,946 4.16 8,700 755 68,666,963 290,141
1948 | 599,518,229 | 2,993,267,021 4.99 9,079 774 45,930,133 291,337
1949 | 437,868,036 | 2,136,870,571 4.88 8,559 781 27,842,056 314,980
1950 | 516,311,053 | 2,500,373,779 4.84 9,429 790 25,468,403 346,706
1951 | 533,664,732 | 2,626,030,137 4.92 8,009 736 56,721,547 292,378
1952 | 466,840,782 | 2,289,180,401 4.90 7,275 703 47,643,150 262,268
1953 | 457,290,449 | 2,247,943,799 4.92 6,671 670 33,760,263 226,900
1954 | 391,706,300 | 1,769,619,723 4.52 6,130 603 31,040,465 198,799
1955 | 464,633,408 | 2,092,382,737 4.50 7,856 620 51,277,256 337,145
1956 | 500,874,077 | 2,412,004,151 4.82 8,520 655 68,522,629 355,701
1957 | 492,730,916 | 2,504,406,042 5.08 8,539 680 76,445,529 366,506
1958 | 410,445,547 | 1,996,281,274 4.86 8,264 625 50,293,382 306,940
1959 | 412,027,502 | 1,965,606,901 4.77 7,719 614 37,226,766 374,713
1960 | 415,512,347 | 1,950,425,049 4.69 7,865 609 36,491,424 260,495
1961 | 402,976,802 | 1,844,562,662 4,58 7,648 585 34,969,825 164,259

* Figures for 1890-1914 represent fiscal year ended June 30.
+ Data not available.
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TABLE 2. GROWTH OF THE BITUMINOUS COAL AND LIGNITE MINING INDUSTRY IN THE
UNITED STATES(16)

Net tons per Percentage Percentage
Average | Average man of undergr.ound of total
production production
Year Men number | days lost
employed | of days | per man Cut by [Mechan-|Mechan-| Mined
worked | on strike | Per | Per ma- ically | ically by
day | year chines*| loaded [cleanedf| stripping
1890 192,204 226 1 2.56 | 579 1 1 1 1
1891 205,803 223 T 2.57 | 573 5.3 1 * T
1892 212,893 219 i 2.72 596 I I I I
1893 230,365 204 T 273 | 557 1 1 T T
1894 244,603 171 i 2.84 | 486 i i i I
1895 239,962 194 I 2.90 563 I I i I
1896 244,171 192 I 2.94 564 11.9 I I I
1897 247,817 196 i 3.04 596 15.3 I i i
1898 255,717 211 I 3.09 651 19.5 i I i
1899 271,027 234 46 3.05 713 22.7 I I i
1900 304,375 234 43 298 | 697 | 24.9 1 T T
1901 340,235 225 35 2.94 664 25.6 I i i
1902 370,056 230 44 3.06 703 26.8 I i i
1903 415,777 225 28 3.02 | 680 | 27.6 b i T
1904 437,832 202 44 3.15 637 28.2 I I i
1905 460,629 211 23 3.24 684 32.8 I I i
1906 478,425 213 63 3.36 | 717 | 34.7 T 2.7 b
1907 513,258 234 14 3.29 769 35.1 b 2.9 i
1908 516,264 193 38 3.34 644 37.0 i 3.6 I
1909 543,152 209 29 3.34 699 37.5 i 3.8 I
1910 555,533 217 89 3.46 751 41.7 I 3.8 I
1911 549,775 211 27 3.50 738 439 i i i
1912 548,632 223 35 3.68 820 46.8 I 3.9 I
1913 571,882 232 36 3.61 837 50.7 I 4.6 i
1914 583,506 195 80 3.71 724 51.8 I 4.8 0.3
1915 557,456 203 61 3.91 794 55.3 I 4.7 0.6
1916 561,102 230 26 3.90 896 56.9 I 4.6 0.8
1917 603,143 243 17 3.77 915 56.1 I 4.6 1.0
1918 615,305 249 7 3.78 942 56.7 I 3.8 1.4
1919 621,998 195 37 3.84 749 60,0 I 3.6 1.2
1920 639,547 220 22 4.00 881 60.7 I 3.3 1.5
1921 663,754 149 23 4.20 627 66.4 I 3.4 1.2
1922 687,958 142 117 4.28 609 64.8 i i 2.4
1923 704,793 179 20 4.47 801 68.3 0.3 3.8 2.1
1924 619,604 171 73 4.56 781 71.5 0.7 b 2.8
1925 588,493 195 30 4.52 884 72.9 1.2 I 3.2
1926 593,647 215 24 4.50 966 73.8 1.9 i 3.0
1927 593,918 191 153 4.55 872 74.9 33 5.3 3.6
1928 522,150 203 83 4.73 959 76.9 4.5 5.7 4.0
1929 502,993 219 11 4.85 | 1064 78.4 7.4 6.9 3.8
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TABLE 2 (cont.)

Percentage Percentage
Average | Average Net ;‘g:ls Per | of urcl)(‘ijergtljound of dtota.l
Year Mlen ) nfymber days lost production production
employe \?v ofl?gs ggrsg‘ﬁ({; Per Per Cut by Mechan- Mechan- Mined
day | year ma- ically ically ‘by.
chines* | loaded |cleanedt| stripping
1930 493,202 187 43 5.06 | 948 81.0 10.5 8.3 4.3
1931 450,213 160 35 5.30 | 849 83.2 13.1 9.5 5.0
1932 406,380 146 120 5221 762 84.1 12.3 9.8 6.3
1933 418,703 167 30 478 | 797 84.7 12.0 10.4 5.5
1934 458,011 178 15 440 | 785 84.1 12.2 11.1 5.8
1935 462,403 179 §7 4.50 | 805 84.2 13.5 12.2 6.4
1936 477,204 199 21 4.62| 920 | 84.8 16.3 13.9 6.4
1937 491,864 193 8§19 4.69 | 906 b 20.2 14.6 7.1
1938 441,333 162 13 489 | 790 | 87.5 26.7 18.2 8.7
1939 421,788 178 36 5.25 | 936 87.9 31.0 20.1 9.6
1940 439,075 202 8 5.19 | 1049 88.4 354 22.2 9.2
1941 456,981 216 27 5.20 | 1125 89.0 40.7 22.9 10.7
1942 461,991 246 7 5.12 | 1261 89.7 45.2 24.4 11.5
1943 416,007 264 §15 5.38 | 1419 90.3 48.9 24.7 13.5
1944 393,347 278 §5 5.67 | 1575 90.5 52.9 25.6 16.3
1945 383,100 261 9 5.78 | 1508 90.8 56.1 25.6 19.0
1946 | **396,434 214 §23 6.30 | 1347 90.8 58.4 26.0 21.1
1947 | **419,182 234 § 5 6.42 | 1504 | 90.0 60.7 27.7 22.1
1948 | **441,631 217 §16 6.26 | 1358 90.7 64.3 30.2 233
1949 | **433,698 157 §15 6.43 | 1010 | 91.4 67.0 35.1 24.2
1950 | **415,582 183 §56 6.77 | 1239 91.8 69.4 38.5 23.9
1951 **372.897 203 § 4 7.04 | 1429 934 73.1 45.0 22.0
1952 | **335217 186 § 6 7.47 | 1889 | 92.8 75.6 48.7 233
1953 | **293,106 191 §3 8.17 | 1560 | 92.3 79.6 52.9 23.1
1954 | **227,397 182 § 4 9.47 | 1724 | 88.8 84.0 59.4 25.1
1955 | **225,093 210 § 4 9.84 | 2064 | 88.1 84.6 58.7 24.8
1956 | **228,163 214 § 4 10.28 | 2195 84.6 84.0 58.4 25.4
1957 | **228,635 203 §3 10.59 | 2155 80.9 84.8 61.7 25.2
1958 | **197,402 184 §3 11.33 | 2079 75.3 84.9 63.1 28.3
1959 | **179,636 188 $24 12.22 | 2294 | 72.1 86.0 65.5 29.4
1960 | **169,400 191 § 4 12.83 | 2453 67.8 68.3 65.7 29.5
1961 | **150,474 193 § 4 13.87 | 2678 64.7 86.3 65.7 30.3

* Percentages for 1890-1913 are of total production, as a separation of underground and
strip production is not available for these years.

+ Percentages for 1906-26 are exclusive of coal cleaned at central washeries operated by
consumers. .

1 Data not available. § Bureau of Labor Statistics, U.S. Department of Labor.

** Average number of men working daily.
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TABLE 3. STATISTICAL TRENDS IN THE

Average

i value Exports* * Apparent
vear | olons | production | per | (netion9 | (net toms) |conSUmPtion
net ton
1925 61,817,149 | $327,664,512 $5.30 3,179,006 382,894 64,061,000
1926 84,437,452 474,164,252 5.62 4,029,683 813,956 77,221,000
1927 80,095,564 420,941,726 5.26 3,325,507 119,030 74,672,000
1928 75,348,069 393,637,690 5.22 3,336,272 384,707 73,650,000
1929 73,828,195 385,642,751 5.22 3,406,369 487,172 71,457,000
1930 69,384,837 354,574,191 5.11 2,551,659 674,812 67,628,000
1931 59,645,652 296,354,586 4.97 1,778,308 637,951 58,408,000
1932 49,855,221 222,375,129 4.46 1,303,355 607,097 50,500,000
1933 49,541,344 206,718,405 4.17 1,034,562 456,252 49,600,000
1934 57,168,291 244,152,245 4.27 1,297,610 478,118 55,500,000
1935 52,158,783 210,130,565 4.03 1,608,549 571,439 51,100,000
1936 54,579,535 227,003,538 4.16 1,678,024 614,639 53,200,000
1937 51,856,433 197,598,849 3.81 1,914,173 395,737 50,400,000
1938 46,099,027 180,600,167 3.92 1,908,911 362,895 45,200,000
1939 51,487,377 187,175,324 3.64 2,590,000 298,153 49,700,000
1940 51,484,640 205,489,814 3.99 2,667,632 135,436 49,000,000
1941 §56,368,267 240,275,126 4.26 3,380,189 74,669 52,700,000
1942 §60,327,729 271,673,380 4.50 4,438,588 140,115 56,500,000
1943 §60,643,620 306,816,018 5.06 4,138,680 166,020 57,100,000
1944 §63,701,363 354,582,884 5.57 4,185,933 11,847 59,400,000
1945 §54,933,909 323,944,435 5.90 3,691,247 149 51,600,000
1946 §60,506,873 413,417,070 6.83 6,497,245 9556 53,900,000
1947 §57,190,009 413,019,486 7.22 8,509,995 10,350 48,200,000
1948 §57,139,948 467,051,800 8.17 6,675,914 945 50,200,000
1949 §42,701,724 358,008,451 8.38 4,942,670 37,700,000
1950 §44,076,703 392,398,006 8.90 3,891,569 18,289 39,900,000
195111 42,669,997 405,817,963 9.51 5,955,535 26,812 37,000,000
1952 40,582,558 379,714,076 9.36 4,592,060 29,370 35,300,000
1953 30,949,152 299,139,687 9.67 2,724,270 31,443 28,000,000
1954 29,083,477 247,870,023 8.52 2,851,239 5831 26,900,000
1955 26,204,554 206,096,662 7.86 3,152,313 170 23,600,000
1956 28,900,220 236,785,062 8.19 5,244,349 46 24,000,000
1957 25,338,321 227,753,802 8.99 4,331,785 1138 20,800,000
1958 21,171,142 187,898,316 8.88 2,279,859 4363 19,000,000
1959 20,649,286 172,319,913 8.35 1,787,558 2633 18,800,000
1960 18,817,441 147,116,250 7.82 §§1,440,400 1476 17,600,000
1961 17,446,439 140,337,541 8.04 1,546,488 792 15,900,000

* U.S. Department of Commerce.
1 Data first collected in 1929.

I Asreported by the Commonwealth of Pennsylvania, Department of Mines.
§ Includes some ‘“‘bootleg’” coal purchased by authorized operators and prepared at their

breakers.

** Qutput per man calculated on authorized tonnages only; bootleg purchases excluded.
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PENNSYLVANIA ANTHRACITE INDUSTRY{1?)

Average Average | Average | Average Quantity Quantity Quantity
number number tons tons cut by produced by lﬁad?d 1
of of days | per man | per man machines stripping Jggcerg?ézz dyT
employees | worked | per day | per year (net tons) (net tons) (net_tons)
160,312 182 2.12 386 941,189 1,578,478 —
165,386 244 2.09 511 931,650 2,401,356 —
165,259 225 2.15 485 1,171,888 2,153,156 12,223,281
160,681 217 2.17 469 1,289,809 2,422,924 12,351,074
151,501 225 2.16 487 1,159,910 1,911,766 3,470,158
150,804 208 2.21 460 1,410,123 2,536,288 4,467,750
139,431 181 2.37 428 1,587,265 3,813,237 4,384,780
121,243 162 2.54 411 1,674,223 3,980,973 5,433,340
104,633 182 2.60 473 1,648,249 4,932,069 6,557,267
109,050 207 2.53 524 1,981,088 5,798,138 9,284,486
103,269 189 2.68 505 1,848,095 5,187,072 9,279,057
102,081 192 2.79 535 2,162,744 6,203,267 10,827,946
99,085 189 2.77 523 1,984,512 5,696,018 10,683,837
96,417 171 2.79 478 1,588,407 5,095,341 10,151,669
93,138 183 3.02 553 1,881,884 5,486,479 11,773,833
91,313 186 3.02 562 1,816,483 6,352,700 12,326,000
48,054 203 **3.04 617 1,855,422 7,316,574 13,441,987
82,121 239 **2.95 705 2,285,640 9,070,933 14,741,459
79,153 270 **2.78 751 1,624,883 8,989,387 14,745,793
717,591 292 **2.79 815 1,336,082 10,953,030 14,975,146
72,842 269 **2.79 751 1,210,171 10,056,325 13,927,955
78,145 271 **2.84 770 1,232,828 12,858,930 15,619,162
78,600 259 **2.78 720 1,209,983 12,603,545 16,054,011
76,215 265 **2 .81 745 1,016,757 13,352,874 15,742,368
75,377 195 **2.87 560 557,599 10,376,808 11,858,088
72,624 211 **2.83 597 611,734 11,833,934 12,335,650
68,995 208 2.97 618 496,085 11,135,990 10,847,787
65,923 201 3.06 615 386,128 10,696,705 10,034,464
57,862 163 3.28 535 318,699 8,606,482 6,838,769
43,996 164 4.02 659 381,424 7,939,680 6,978,035
1133,523 tt197 113.96 11780 393,932 7,703,907 6,660,939
31,516 216 4.25 918 400,402 8,354,230 7,308,110
30,825 196 4.18 819 292,307 7,543,157 6,657,479
26,540 183 4.36 798 184,028 7,877,761 5,332,043
23,294 173 5.12 886 260,502 7,096,343 4,700,542
19,051 176 5.60 986 225,520 7,112,228 4,044,392
15,792 196 5.63 103 236,166 7,246,646 3,377,778

++ Figures for 1951 and subsequent years are not strictly comparable with previous years.
See Production and Employment sections, Coal— Pennsylvania Anthracite, Minerals Yearbook,
1951.

11 Estimated.

§8 Revised.
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Figure 1 illustrates the distribution of coal consumption from 1952 to 1961. It
will be noted that change from coal burning locomitives to diesel locomotives has
practically eliminated this market for coal. The retail delivery market for coal also
shows a steady decrease which might be expected to continue.

The electric utilities show a continuous increase in the amount of coal consumed
and this increase may be expected to continue in spite of the increases in efficiencies
which have reduced coal consumption to less than one pound per kilowatt-hour
of electricity produced. This is illustrated in Fig. 2.

70
Electric utilities
60
50
/ //
|
= 40
& , / /
Goke producers 7 //
7 77
30
&/ 7
20
Industrials
10 S
o]
1952 1953 1954 1955 1956 1957 1958 1959 1960 1961

F1G. 1. Percentage of total consumption of bituminous coal and lignite, by consumer class, and
retail deliveries in the United States, 1952-1961.(16)

It is expected that the prices of both fuel oil and natural gas will be subject to a
steady slow rise as reserves decrease and that the unit prices for coal delivered to
electrical utility plants can be held at or near their present levels by improved min-
ing techniques. Thus it is expected that coal’s competitive position in its battle
for markets will improve over the long term and that it will regain some of the
markets now being served by petroleum and natural gas. The average value of a
ton of coal at the mine during the past 45 years is shown in Fig. 3.
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FIG. 2. Trend in fuel economy at electric-utility power plants in the United States, 1920-1961.(16)
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WORLD COAL PRODUCTION

The importance of the coal mining industry is indicated by the following tables
which list production by countries for the years 1957-1961. These tables indicate
that total production is increasing annually and that production in the near future
will attain a rate of three thousand million tons annually.
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F1G. 4. Percentage of number of mines and of production of bituminous coal and lignite mines in
the United States, 1961, by size of output.(16)

Total world energy requirements are increasing rapidly and annual coal produc-
tion would increase much more rapidly except that petroleum and natural gas, as
in the United States, are filling an increasing proportion of the demand for fuels.

The tonnage figures given include coal produced by surface stripping. In the
United States about 30 per cent of annual production is obtained by stripping. In
Russia, Germany, and England, lesser but important quantities of coal are mined
by stripping.

Great advances have been made in devising and applying machinery to coal
production with the objective of increasing the amount of coal produced per
man-day. Methods developed in the United States have resulted in consistent
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TABLE 4. WORLD PRODUCTION OF BITUMINOUS COAL, ANTHRACITE, AND LIGNITE, BY COUNTRIES*(16)
(Thousand short tons)

Country 1957 1958 1959 1960 1961+
North America:
Canada:
Bituminous 10,940 9434 8680 8840 8189
Lignite 2249 2253 1948 2170 2209
Greenland: Bituminous 19 35 29 31 35
Mexico: Bituminous 1566 1621 1748 1958 2004
United States:
Anthracite (Pennsylvania) 25,338 21,171 20,649 18,817 17,446
Bituminous 490,097 | 408,019 | 409,248 | 412,766 | 399,959
Lignite 2607 2427 2780 2746 3018
Total North America 532,816 | 444,960 | 445,082 | 447,328 | 432,860
South America:
Argentina: Bituminous 230 288 331 309 371
Brazil: Bituminous (including lignite) 2285 2469 2568 2568 2425
Chile: Bituminous (mined) 2310 2204 2083 1569 1944
Colombia: Bituminous 2205 2690 2756 2866 2756
Peru: Bituminous and anthracite 155 246 191 179 184
Venezuela: Bituminous 39 40 37 39 34
Total South America 7224 7937 7966 7530 7714
Europe:
Albania: Lignite 259 282 317 320 1330
Austria:
Bituminous 168 155 148 146 117
Lignite 7581 7158 6857 6584 6240
Belgium: Bituminous and anthracite 31,968 29,831 25,085 24,763 23,742
Bulgaria:
Bituminous and anthracite 424 419 551 628 650
Lignite 12,681 13,614 16,359 18,249 19,853
Czechoslovakia:
Bituminous 26,655 26,380 27,694 28,896 28,867
Lignite 56,235 62,653 59,198 64,378 71,984
Denmark: Lignite 2822 2695 2540 2545 2384
France:
Bituminous and anthracite 62,610 63,632 63,501 61,685 57,715
Lignite 2528 2555 2398 2509 3203
Germany:
Bituminous and anthracite:
East 3035 3201 3132 2999 2950
West (including Saar) 166,206 | 165,286 | 157,237 | 157,911 | 158,309
Lignite: East 234,346 | 236,962 | 236,776 | 248,461 | 260,586
West 106,716 | 103,052 | 102,991 | 105,974 | 107,140
Pech coal: West 2048 2013 2022 1969 1947
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TABLE 4 (cont.)

Country 1957 1958 1959 1960 19617
Europe —Continued
Greece: Lignite 1100 1315 1774 2812 2778
Hungary:
Bituminous 2510 2895 3014 3138 3387
Lignite 20,861 23,826 24,927 26,098 27,672
Ireland: Bituminous and anthracite 266 225 257 259 224
Italy:
Bituminous and anthracite 1129 798 815 812 817
Lignite 434 916 1347 875 1661
Netherlands:
Bituminous and anthracite 12,540 13,095 13,203 13,777 13,912
Lignite 317 281 219 4 -
Poland:
Bituminous 103,723 | 104,699 | 109,246 | 115,123 | 117,513
Lignite 6563 8313 10,205 10,281 11,396
Portugal:
Anthracite 550 625 581 480 500
Lignite 203 172 175 172 174
Rumania:
Bituminous and anthracite 277 330 330 330 330
Lignite 7500 7813 8466 8667 9264
Spain:
Bituminous and anthracite 15,356 15,922 14,926 15,193 15,185
Lignite 2777 2945 2317 1942 2302
Svalbard (Spitsbergen):
Bituminous:
Controlled by Norway 423 317 278 443 398
Controlled by U.S.S.R. 434 425 505 529 1550
Sweden: Bituminous 335 352 300 272 220
Switzerland: Bituminous and anthracite
(including lignite)t 11 11 11 11 11
U.S.S.R:§
Bituminous and anthracite 362,111 | 389,148 | 402,586 | 413,292 | 415,483
Lignite 148,777 | 157,721 | 155,851 | 152,406 | 142,727
United Kingdom: Bituminous and
anthracite 250,464 | 241,723 | 230,839 | 216,838 | 213,321
Yugoslavia:
Bituminous 1353 1332 1431 1414 1447
Lignite 18,497 19,597 21,836 23,623 25,089
Total Europe’ 1,674,793 1,714,684 1,712,245 (1,736,808 |1,752,378
Asia:
Afghanistan: Bituminous 30 37 40 52 58
Burma: Bituminous 1 1 *x 2
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TABLE 4 (cont.)
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Country 1957 1958 1959 1960 1961+
Asia — Continued
China: Bituminous, anthracite and
lignite 144,100 | 297,600 | 383,400 | 463,000 | $420,000
India: Bituminous 48,727 50,788 52,722 58,070 61,872
Indonesia: Bituminous 790 665 703 724 622
Iran: Bituminous?t 194 214 257 254 220
Japan:
Bituminous and anthracite 57,025 54,756 52,093 56,292 60,054
Lignite 1823 1744 1619 1552 1443
Korea:
North: Anthracite, bituminous and
lignite 5494 7586 9760 11,707 12,996
Republic of : Anthracite 2691 2044 4559 5897 6486
Malaya: Bituminous 171 75 85 8
Outer Mongolia: Lignite and bitu-
minous 450 521 665 682 826
Pakistan: Bituminous and lignite 578 669 820 915 1,015
Philippines: Bituminous 211 119 154 163 168
Ryukyu Islands: Bituminous 2 1 1 1 1
Taiwan: Bituminous 3214 3508 3928 4367 4670
Thailand: Lignite 110 138 155 164 1170
Turkey (mined):
Bituminous 6917 7220 7191 6952 7935
Lignite 4009 4212 4038 3769 4159
Viet-Nam:
North: Anthracite 1200 1980 2124 2682 12900
South: Anthracite 13 22 22 39 133
Total Asia§ 277,759 | 434,799 | 524,640 | 617,272 | 584,730
Africa:
Algeria: Bituminous and anthracite 260 169 134 131 86
Congo, Republic of the (formerly
Belgian): Bituminous 477 324 294 195 +80
Malagasy, Republic of : Bituminous 1 2
Marocco: Anthracite 574 562 513 454 452
Mozambique: Bituminous 298 273 283 287 354
Nigeria: Bituminous 913 1036 831 629 669
Rhodesia and Nyasaland, Federation
of: Southern Rhodesia: Bituminous 4247 3897 4144 3923 3387
Swaziland: Anthracite and bituminous 1 13 1
Tanganyika: Bituminous 1 1 2 2 2
Union of South Africa: Bituminous
and anthracite (marketable) 38,325 40,879 40,181 42,078 43,613
Total Africa 45,096 47,141 46,383 47,712 48,646
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TABLE 4 (cont.)

Country 1957 1958 1959 1960 1961+
Oceania:
Australia:
Bituminous 22,310 22,895 22,734 25,285 27,012
Lignite 12,030 13,041 14,599 16,763 18,236
New Zealand:
Bituminous and anthracite 931 939 941 896 844
Lignite 1994 2108 2205 2477 2418
Total Oceania 37,265 38,983 40,479 45,421 48,510
Lignite (total of items shown above) (esti-
mate) 655,478 | 678,314 | 682,562 | 706,214 | 727,262
Bituminous and anthracite (by subtrac-
tion) 1,919,475 (2,010,190 {2,094,233 |2,195,857 (2,147,576
World total, all grades (estimate) 2,574,953 (2,688,504 (2,776,795 (2,902,071 2,874,838

* This table incorporates some revisions.

1 Preliminary.

I Estimate.

§ Output from U.S.S.R. in Asia (including Sakhalin) included with U.S.S.R. in Europe.
** Less than 500 tons.
11 Year ended March 20 of year following that stated.
Compiled by Pearl J. Thompson, Division of Foreign Activities.

production, under favorable natural conditions, of 50-60 tons/man-shift per man
at the working face and up to 20 tons/man-shift based on total mine payroll.

Other types of bedded deposits are frequently mined by methods patterned after
those devised originally for coal mining. Trona (sodium sesquicarbonate) is pro-
duced by room-and-pillar methods using conventional coal mining machinery.‘?
Similar methods-and-machinery are applied to mining salt, gypsum, borax, and
potash. For the metalliferous bedded deposits such as iron ores and uranium ores,
extraction systems may follow similar patterns but the hardness of these ores
requires the use of “hardrock” drilling and blasting methods, and the increased
specific gravity of the ores requires the use of heavier types of loading and trans-
portation machinery.

DEPTHS OF COAL MINING OPERATIONS

In the United States coal seams are generally situated at relatively shallow depths
beneath the surface. Most are located at depths between 200 and 800 ft beneath the
surface, while the average depth is probably between 300 and 500 ft. This situation



MINING SYSTEMS 17

has favored the development of pillar-mining methods. Such methods are well
suited to mechanized methods and particularly to continuous mining, because they
allow the face equipment to be concentrated within a relatively small area.

In British coal fields mining has progressed to greater depths and the majority
of the seams now being mined are situated at depths greater than 1000 ft, with a
few being worked at depths approaching 4000 ft. Such depths do not favor pillar-
mining methods and 74 per cent of Britain’s coal is produced by long-wall methods.

In Germany coal mining has similarly progressed to great depths, with the aver-
age depth of mining in the Ruhr District being about 2300 ft, although a few
workings extend almost to 4000 ft. Under such conditions the depth pressure tends
to_discourage the use of pillar-mining methods. A smaller proportion of the coal

TABLE 5. NUMBER AND PRODUCTION OF BITUMINOUS COAL AND LIGNITE MINES IN THE UNITED
STATES, 1960, CLASSIFIED BY THICKNESS OF SEAMS MINED(1®)

Less 8 ft
Item than |2to3ft|3to4ft|4to5ft|5to6ft|6to7ft|7to8ft| and Total
2 ft over
Number of
mines:
Underground 35 1811 2178 990 449 266 132 128 5989
Strip 140 510 418 222 106 52 22 60 1530
Auger 3 71 129 94 40 8 | 1 346
Total 178 2392 2725 1306 595 326 154 189 7865
Percentage of
mines:
Underground| 0.6 30.2 36.4 16.5 7.5 4.5 2.2 2.1 100.0
Strip 9.2 33.3 27.3 14.5 6.9 3.4 1.5 3.9 | 100.0
Auger 0.9 20.4 37.3 27.2 11.6 2.3 | 0.3 100.0
Total 23 30.4 34.6 16.6 7.6 4.1 2.0 2.4 | 100.0
Production
(thousand
tons):
Underground| 231 | 20,851 | 65,322 | 49,633 | 53,928 | 39,833 | 29,665 | 25,425 | 284,888
Strip 5660 | 19,503 | 32,934 | 30,456 | 17,692 | 7126 3546 5713 | 122,630
Auger 44 939 2781 2965 971 235 | 59 7994
Total 5935 | 41,293 (101,037 | 83,054 | 72,591 | 47,194 | 33,211 | 31,197 | 415,512
Percentage of
production:
Underground| 0.1 7.3 229 17.4 19.0 14.0 10.4 8.9 100.0
Strip 4.6 15.9 26.9 24.8 14.4 5.8 2.9 4.7 100.0
Auger 0.5 11.7 35.0 37.1 12.1 2.9 | e 0.7 100.0
Total 1.4 9.9 24.3 20.0 17.5 11.4 8.0 7.5 100.0
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is removed during the development phase, as larger pillars must be left for support.
During the mining of pillars on retreat the heavy abutment pressure ahead of the
retreating pillar line tends to damage or destroy the previously driven develop-
ment headings. This abutment pressure produces bottom heave, crushing of pillars,
and fracturing of the roof. These factors, together with the desirability for complete
mining of each seam, and limitations on surface subsidence, explain the extensive
use of long-wall mining methods in European coal mines.

Russia has large coal reserves situated at depths of less than 1200 ft.® The
average depth of workings in the Kuzbass is 720 ft while in the Donbass it is 990 ft
for flat seams and 1320 ft for inclined seams. Sixty per cent of the output if this
latter coal field is produced from depths of less than 990 ft. The deepest level
visited by the British Technical Mission was situated at a depth of 2370 ft.

Thus the Russian coal mining operations are conducted at depths greater than
those of the United States but at depths much shallower than those of the other
European countries. Although conditions in some Russian mines are favorable
for the employment of room-and-pillar methods only 0.6 per cent of the total
output was obtained by this method. With the development, in Russia, of hydraulic
mining methods the proportion produced by room-and-pillar methods may in-
crease.

In France 95 per cent of underground production is mined by long-wall meth-
ods.*? Experiments in French coal mines to determine the depths to which pillar-
mining methods are practicable have shown that the “critical depth” generally lies
between 250 and 500 m (800-1600 ft), and is generally around 400 m (1280 ft).
However, room-and-pillar mining methods are succesfully used in mining potash
at depths of 1900-2200 ft.

Belgium has the most difficult coal mining conditions. Many seams are thin and
depths of the workings range from a minimum of about 1800 to a maximum of
about 4400 ft.

MINING SYSTEMS

Practically all coal produced by underground mining is mined by one of the
following systems:

(1) Pillar-mining systems. These include the room-and-pillar system and the
block system as well as the bord-and-pillar system which is employed in Great Britain.

(2) Long-wall systems. These include the long-wall advancing and the long-wall
retreating systems.

Pillar-mining Systems

Entries, cross entries, panel entries, and cross cuts, or rooms are driven through
the coal bed to divide it into pillars or blocks which may then be extracted on
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retreat. Figure 5 shows the general layout for a room-and-pillar system. Figure 6 is
an isometric cut-away view showing layout of a room-and-pillar system using rail
face haulage and hand loading of coal. In the United States such hand loading
methods have now been almost entirely replaced by mechanical loaders and 90 per
cent of the coal produced by underground mines is loaded mechanically.

Long-wall Systems

“Main roads” or “mother gates” are driven through the coal bed and are semi-
permanent in nature and ““gate roads” or ‘““‘gates” leading to the long-wall face are
maintained.

A long face or “long-wall” is usually several hundred feet long and is served by
two or more “gate roads’’; the long dimension of the working face being at right
angles to the direction of the gate roads. Some long-wall faces are several thousand
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FI1G. 5. Mining method at Mine 3 (room-and-pillar system).(®)

feet long while others are operated as a series of stepped faces, each several hundred
feet long.

The long-wall is advanced continuously by extracting slices of coal from the
face and transporting the broken coal to the gates from which it is transported
to the main roads or mother gates and thence to the main shaft.

“Cross gates” are maintained as angular cross-connections between gates in order
to shorten haulage and ventilation distances.
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Figure 7 shows a layout for a typical long-wall mining system as employed in
European mining practice. Figure 8 shows the layout for a long-wall mining system
used in conjunction with a continuous mining machine at a mine in Canada.

F1G. 6. Typical hand loading operation (room-and-pillar system). (Joy Manufacturing Company.)

PILLAR-MINING SYSTEMS

These include the “room-and-pillar’ system, the ““block” system, and (in Britain)
the ‘“‘bord-and-pillar” system.

With the room-and-pillar system entries, cross-entries, and panel entries are
driven to “block out” large panels of coal and rooms are turned off (usually at
right angles) from the entries. (The rooms correspond to the ‘“stopes” of metal
mines.) In the United States entries are ordinarily driven with widths between 15
and 25 ft. Rooms are driven as wide, or wider, than the entries. Pillars left between
rooms may, or may not, be extracted. Different mines employ different sizes of
pillars. Room pillars may commonly be from 20 to 40 ft wide and from 40 to 90 ft
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long. When room pillars are not to be recovered they are made as narrow as is
feasible while still leaving enough coal to support the roof.

Figure 11 shows an idealized room-and-pillar system.

With the block system a series of entries, panel entries, rooms, and cross cuts is
driven to divide the coal into a series of blocks of approximately equal size which
are then extracted on retreat. Development openings are most commonly driven
between 15 and 20 ft wide. Pillars are most commonly from 40 to 60 ft wide and

from 60 to 100 ft long.
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Figure 12 shows an idealized block mining system.
Generally, the room-and-pillar system is favored for the thinner coal beds
(that is, those less than 3-4 ft thick) while the block system is used more often in the
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FiG. 10. Schematic plan of development of a pillar-mining system
from the outcrop.(?

thicker coal beds where equipment can move about freely without the necessity of
“brushing” roadways to obtain headroom.

The bord-and-pillar system, such as used in some British mines, divides the coal
into very large pillars or blocks by means of very narrow openings. “Bords”
approximately 12-15 ft wide are driven at approximately right angles to the main
coal cleat, and narrow openings (“walls’”) about 6 ft wide are driven parallel to the
main cleat. With the bord-and-pillar system pillars as large as 130-200 ft square are
blocked out and extracted on retreat. This system may be considered a compromise
between the block system and the retreating long-wall.
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FI1G. 11. Development by room-and-pillar system from the outcrop.(?

The widths of development openings such as entries, rooms, cross cuts, are
determined by several factors which include: strength of roof, depth of workings,
widths required for efficient use of machinery, and thickness of seam.

In thinner seams the tendency is to make the development opening wider in
order to increase the amount of coal obtained per linear foot of advance of the
mining unit. Also greater widths of opening will be required in thin seams to obtain
equivalent cross-section of airway. However, the maximum width of an opening
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FiG. 12. Development of block system from the outcrop.(?

will be limited by the strength of roof, and coal seam, as related to the depth
pressure.

The bord-and-pillar system evolved from what was originally a room-and-pillar
system. As depths of mining increased the widths of development openings de-
creased in order to secure stability of the openings. Widths of pillars were increased
to avoid excessive crushing of pillars under the abutment pressures which were in-~
duced during mining of the pillars on retreat.



26 COAL MINING METHODS

Mine Development

In coal mining there are two broad classes of underground openings:'? (1) those
made for mine development and (2) those made for production.

Development work comprises driving entries, entry cross cuts, room necks,
or other openings necessary to open up access to production places from which
coal will be produced later.

Development openings formerly were driven narrower than production places
and only a few men could work as a group in a development heading. Because the
working places were so narrow the rate of coal production was low and the cost
of development coal was high.

As mines became more mechanized and yielded larger quantities of coal at a
faster rate per shift it became necessary to increase the quantity of ventilating air.
In order to provide adequate airways it was necessary to increase the number of
development headings in a group and/or to make the development headings wider.
1t is common practice now to drive development headings ten or twelve in a group
and, where roof conditions will allow it, the headings are made wider. As the
width of the development heading approaches that of the production place the
productivity from development approaches that from production places.

Production work in the room-and-pillar system involves the driving of rooms and
the subsequent extraction of room pillars. With the block system the production
work consists of the extraction of the blocks.

Ratio of Development to Production

For successful operation of a mine a certain ratio between development and
production must be maintained. If development does not exceed production, min-
ing in a production section could be completed before the next production section
is ready for operation. In mines where the cost of coal mined in development is
more than that from production sections such an imbalance between development
and production would increase the overall cost of the mined coal.

Factors Determining the Amount of Development Needed?

Desired Output of Coal Per Day

One of the first decisions is to determine the desired daily output of coal from
the mine. This factor would probably be influenced by seasonal demand.

If the cost of development coal is comparable with that from production, a light
demand could mean that all of the yield might be from developing new panels in
preparation for heavier demand when more production places would be needed.
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Type of Mine Opening

In the case of new mines the rate of development may be limited by the type of
the main access openings. If the main access is by a shaft, development can proceed
in two or more directions, depending upon the plan of the mine bottom. If the mine
is opened by drifts it may be necessary to advance the drifts in one direction for
a long distance before lateral entries can be started.

Presence of Gas

An amount of ventilating air adequate to dilute and disperse mine gas will be
required. If large amounts of gas are released when coal is mined then large quan-
tities of ventilating air will be required, and in order to provide for passage of this
air additional development entries will have to be driven, or entries will have to be
made wider. Thus more development openings will be required in a gassy mine
than in a non-gassy mine.

System of Mining

The system of mining used will probably be the most important factor in deter-
mining the required ratio of development to production. To demonstrate the pos-
sible effect of the mining system on the development—production ratio, the amount
of development required for mining an area by the block system will be compared
with the amount of development required for mining the same area by the room-
and-pillar system. Figure 10 shows the general mining plan schemetically. Figure 12
shows the layout for the block mining plan and Fig. 11 shows the layout for the
room-and-pillar mining plan. Each mining plan begins at the bed outcrop and each
develops working panels by multiple main and cross entries, panels being turned
off on both sides of the cross mains.

The development is indicated by letters 4 to J, and the production units resulting
from the development are indicated by numerals. For example, it will be seen that,
by driving entries in section 4 and B, the first cross mains will be advanced far
enough to start development C in four places which, when completed, will make
four production panels (four panels marked 1 in Fig. 10). Four additional panels
(shown as 2 in Fig. 10) off the first cross mains, can be developed by driving develop-
ment D and E. To get production panels off the second cross mains, it would be
necessary to develop F, G, amd I, following the same pattern as in developing
panels off the first cross mains.
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Development Required for Block Mining!?

Figure 12 is the plan of a mine to be mined by the block system with the blocks
to be recovered on retreat. In this plan main entries and cross main entries 16 ft
wide are driven in groups of eight on 45-ft centers. All cross cuts are 16 ft wide
and on 80-ft centers. It is assumed that the coal bed mined is 84 in. thick.

Crew Required

A development crew will be assumed to comprise the following workmen:

. . Number . . Number

Classification of men Classification of men
Foreman 1 Shot firer 1
Loading-machine operators 2 Shuttle-car operators 3
Loading-machine operators’ helpers 2 Roof bolters 4
Cutting-machine operators 2 Mechanic 1
Cutting-machine operators’ helpers 2 Boom man 1
Total 19

This group will work as a team, and individual workers will be used interchange-
ably for any work to be done.

Mining Equipment Required

Mining equipment of the same type and amount as used at a mine studied is
proposed for this plan as follows:

3 mobile-loading machines (1 to be kept in reserve as a spare).

2 universal cutting machines.

2 roof-bolting machines.

2 hydraulic coal drills mounted on roof-bolting or cutting machines.
3 shuttle cars.

1 rock-dusting machine.

1 30-in belt conveyor

1 supply track.

1 car hoist.

Sequence of Development

Before any of the blocks (production places) are ready for retreat mining, the
entries and cross cuts in development sections 4, B, and C must be completed. The

total development work necessary to complete four production panels (marked 1 in
Fig. 10) therefore is:
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Development Feet in unit Number | Grand total
section Entry Cross cut Total of units (ft)
A 19,280 6786 26,066 1 26,066
B 3920 1653 5573 2 11,146
C 15,400 4814 20,214 4 80,856
Total 38,600 13,253 51,853 118,068

While these four production panels are being retreated, additional development
work should be in progress, so that when the four panels (shown as 1 in Fig. 10)
are completed, four additional panels (shown as 2 in Fig. 10) will be completely
developed. To accomplish this, the development in D and E must be completed
as follows:

Development Feet in unit Number | Grand total
section Entry | Cross cut ] Total of units 0
D 2880 1450 4330 2 8660
E 15,400 4814 20,214 4 80,856
Total 18,280 6,264 24,544 89,516

The plan of mining, the number of men in the crew, the type of equipment, and
the amount of equipment are the same as those used in one of the mines studied”.
At that mine the average advance in the group of entries (and the required cross
cuts) was 171 ft/shift or 21.4 ft of development per entry per shift. At this rate of
mining, it would require 691 work shifts of the unit crew to complete the 118,068
ft of development necessary for preparing four production panels for operation.
To develop the next four production panels and each succeeding group on the same
cross mains would require driving 89,516 ft of development work; at the rate of
171 ft/unit shift, this would require 524 unit shifts.

Development required to complete the first group of four production panels off
the second cross mains would be F, G, and I, or a total of 138,140 ft. At the rate of
171 ft advance per shift, the development would require 808 unit shifts. For each
succeeding group of four production panels on the second cross mains, the develop-
ment would require 89,516 ft of development or 524 unit shifts of work.

Total Development Required

Thus, if a new mine is developed in accordance with the plan shown in Fig. 12
the following development would be required:
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i

Feet s}-xjilf]tst

First set of 4 production places off first cross mains 118,068 691
First set of 4 production places off second cross

mains 138,140 808
Each succeeding set of 4 places off either first or

second cross mains 89,516 524

Development Required for Room-and-pillar Mining

For comparison, development of a room-and-pillar method of mining in thin
coal beds has been calculated, using the same schematic plan. This plan is shown in
Fig. 11.

Main and cross entries 25 ft wide are driven in groups of six on 50 ft centers.
All entry cross cuts are 20 ft wide on 80-ft centers in the mains.

Panel entries 25 ft wide and on 50-ft centers are driven off the cross mains in
groups of four. Leaving barrier pillars 200 ft wide to protect the main and cross
main entries, rooms 40 ft wide on 55-ft centers are turned off the outside panel
entries and driven 275 ft deep, with cross cuts 30 ft wide on 69-ft centers. It is
assumed that the coal bed is 36 in. thick and that the entries are advanced in pairs
a predetermined length, after which the succeeding pair in the panel or each succeed-
ing pair in the mains and cross mains is advanced. Production mining will be done
by driving rooms in pairs advancing on one side of the panel and retreating on the
opposite side.

Crew Required

A development crew similar to that used at one of the mines studied will be as-
sumed and comprises the following men:

. . Number . . Number

Classification of men Classification of men
Section foreman 1 Conveyor man 1
Loading-machine operator 1 Timberman 1
Loading-machine operator’s helper 1 Supply man 1
Cutting-machine operator 1 Mechanic 1
Cutting-machine operator’s helper 1 Boom man 1
Total 10

This group of men will work as a team, and individual workers will be used
interchangeably for any work to be done.
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Equipment Required

The following mining equipment would be needed for this plan:

loading machine.
piggyback conveyors.
short-wall cutting machines.
chain conveyors.

mother chain conveyor.
elevating conveyor.
hand-held electric drills.
roof-bolting machine.
supply track.

car spotter.

— e N e = NN N

Total Development Required

In this plan of development the following work is necessary to complete the
first four production panels (shown as 1 in Fig. 10).

Feet in unit
Development Room Number | Grand total
section of units ft
Entry Cross cut necks Total un (ft)
A 8730 2500 — 11,230 1 11,230
B 3900 1125 — 5025 2 10,050
C 4350 1425 1076 6851 4 27,404
Total 16,980 5050 1076 23,106 48,684

While these four panels are being mined, additional development work should
be in progress so that when the four panels (shown as 1 in Fig. 10) are mined out,
the next four (shown as 2 in Fig. 10) should be completely developed and ready
for mining. To complete the next four panels and each succeeding four off the
same cross mains, the following development in D and E must be completed :

Feet in unit
Development R Number | Grand total
sectio oom of units ft
ion Entry Cross cut necks Total (v
D 4500 1350 — 5850 2 11,700
E 4350 1425 1076 6851 4 27,404
Total 8850 2775 1076 12,701 39,104
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The plan of mining described, together with the number of men in the unit crew
and using the same type and amount of equipment, is similar to that observed at one
of the mines studied. The total advance in entries and cross cuts per unit shift
using the described plan would be about 56 ft. At this rate of development, it
would require 870 shifts for the 48,684 ft of development necessary to prepare four
panels for production. To develop the next four panels on the same cross mains
would require 39,104 ft of development or 700 unit shifts of work.

Development required to complete the first group of four production panels off
the second cross mains would be F, G, and H or a total of 55,939 ft. At the rate of
56 ft advance per unit shift, the development would require 1000 shifts. Each
succeeding group of panels off the second cross mains would require 39,104 ft of
development or 700 shifts of work.

Summary and Comparison

Thus, if a new mine is developed in accordance with the plan shown in Fig. 11 the
following development is required:

Feet :ﬁf}ltts

First set of four production places off first cross mains 48,684 870
First set of four production places off second cross

mains 55,939 1000
Each succeeding set of four places off either first or

second cross mains 39,104 700

Comparing this development with that for plan 1 (Fig. 12) it will be seen that
many more feet of development is required under plan 1 than under plan 2. How-
ever, the total number of unit shifts required to develop four production panels is
much less under plan 1. Not all of the difference between the feet of development
necessary for each plan is caused by the different systems of mining. There is a vast
difference in the thickness of the coal bed and, therefore, in the types of equipment
used.

Results of Study

The methods and equipment used for development were studied at fourteen
mines in West Virginia, Pennsylvania, Kentucky, and Ohio (U.S. Bur. Mines
Information Circular 7813). These mines were selected to obtain operational data
on various types of equipment and the mining methods used.



TABLE 6 SUMMARY OF BED THICKNESS, THICKNESS MINED, DEVELOPMENT DATA, AND COMPARATIVE YIELD FROM NONDEVELOPMENT unNiTs()

hick Average Average acﬁ/;ircaegeof Average
Thick- . Average X yield from | yield from advance of
Method ness Thickness width Number Number of development | production set of set of
. of bed of employees in p . development
Mine of of mined of tri devel t per unit per unit . development
loading * bed Ine development entries eve opmen crew man crew man | STUIES PET | ries pet
(in.) (in.) entries (ft) | ™ a set unit crew per shift per shift frl;"f::’ mcludt- shift
(tons) (tons) Sor o @t
1 M 35 35 30 4 9 16.7 26.1 14.0 10.8
2 H 36 36 14 and 20 6 9 10.9 15.1 7.3 6.1
3 H 40 40 24 6 12—; 12.5 14.5 8.2 5.4
4 M 42 42 20 3 11% 10.4 9.8 14.4 10.2
5 H 75 43 15 3 8—; 13.5 13.5 6.4 5.0
6 M 46 46 15 and 17 4 12 25.3 30.9 28.4 22.0
7 C 46 46 27 9 7 42.8 42.3 8.7 6.1
8 M 73 55 20 6 12 42.5 43.5 23.3 18.2
9 M 59 59 18 and 20 5 10—; and 5 14.2 — 8.6 6.1
10 M 65 65 and 41 25 and 27 6 12 39.0 36.7 124 8.9
11 M 85 73 14 5 13 26.4 38.6 20.8 13.2
12 M 80 80 12 and 14 7 13 20.7 26.5 10.4 7.0
13 M 96 84 16 8 19 39.4 — 21.3 16.2
14 M 96 84 16 10 21 42.4 — 17.1 13.3

SIWHLSAS DNININ

* M = mobile-loading equipment; H = hand loading; and C = continuous mining.
+ Total feet of advance is obtained by multiplying by number of entries in a set.
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Table 6 summarizes for the fourteen mines the data giving bed thickness, mining
thickness, development data, and comparative yield from production places in
some mines.

Conventional (Cyclic) Operation

“Conventional mining” is a cyclic process which includes the following opera-
tions.

(1) Cutting coal. A slot, usually horizontal, is cut for the length of the coal face.
Usually this slot is cut at the bottom of the seam although coal is sometimes cut
at an intermediate height or even at the top of the seam, and transverse (shear)
cuts are sometimes used. This slot in the coal provides a free face to which the
coal can break when it is shot.

(2) Drilling. Drills for boring shot holes may be hand held, post mounted, or
mounted on a rubber-tired drill jumbo. Coal drills are usually of the auger type
rather than the percussion type as used in hard rock mining operations and they
may be powered by electricity, compressed air, or may be operated from the hy-
draulic system of a mining machine.

(3) Charging and shooting. Holes may be charged with an explosive or with a
mechanical device which releases compressed air or carbon dioxide to break the
coal.

(4) Loading coal. Formerly all broken coal was loaded by hand into rail-
mounted cars. The efficiency of loading was improved when conveyors were intro-
duced. However, most coal produced in the United States is now handled by mech-

TABLE 7. BITUMINOUS COAL AND LIGNITE MECHANICALLY LOADED UNDERGROUND IN THE UNITED
STATES, BY TYPE OF LOADING EQUIPMENT(16)

1960 1961
Type of loading equipment Percentage Percentage
Net tons of total Net tons of total

Mobile machines:

Direct into mine cars 8,137,606 33 5,931,074 2.5

Onto conveyors 11,195,270 4.6 6,755,764 2.9

Into shuttle cars 142,775,484 58.1 132,446,554 56.3
Continuous-mining machines:

Onto conveyors 10,474,509 4.3 11,031,679 4.7

Into shuttle cars 67,453,771 27.4 73,289,572 31.1
Scrapers and conveyors equipped with

duckbills or other self-loading heads 1,232,019 0.5 1,032,009 0.4
Hand-loaded conveyors 4,517,166 1.8 4,863,270 2.1

Total mechanically loaded 245,785,775 100.0 235,349,922 100.0
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anical loaders which load the broken coal onto conveyors or into shuttle cars which
carry the coal from the working faces to the main transportation system for haulage
to the surface (sze Table 7).

(5) Installing roof support. The roof may be supported by bolts, or by wooden
props, or by steel props, or posts and beams.

The cycle of operations described above, that is cutting, drilling, shooting, load-
ing and installing support, is termed “cyclic” or ‘“‘conventional” mining as opposed
to the newer ‘“‘continuous’ or ‘“non-cyclic’’ mining in which coal is ripped or cut
from the seam mechanically and the drilling and shooting operations are eliminated.

When conventional mining methods are used the various work phases cannot be
performed simultaneously in the same working place and it is necessary to operate
from three to seven working places so that at least one place is available for coal
loading at all times. Even if the schedule of the phases in a cycle is maintained,
coal production ceases during the time required to move the loading equipment
from one loading place to another.

Continuous (Non-cyclic) Operation

The continuous mining machine cuts or rips the coal from the face and loads
it onto conveyors or into shuttle cars in a continuous operation. Thus the drilling and
shooting cycles are eliminated, along with the necessity for working several head-
ings in order to have available a heading in which loading can be in progress at all
times.

Types of Continuous Mining Machines

Two basic types of continuous mining machines are available in U.S. practice.
These may be classified according to the type of action which each uses in cutting
and removing coal from the seam, as follows: (1) boring; (2) ripping.

The boring type machine employs cylinders, or arms, rotating on horizontal
axes, on which are fixed cutting tools. These machines advance by cutting circular
grooves in the face and breaking out the coal between these grooves. The coal
drops to the floor where it is swept onto conveyors and conducted to the rear of
the machine.

A boring-type machine may be equipped with two or more rotating heads, de-
pending upon the ratio of the thickness of the seam to the width of the cut desired.
Machines designed for use in thin seams must be equipped with a larger number of
rotating elements in order to obtain a given width of cut.

Ripper type machines employ cutting teeth or picks which are either fastened
to a series of endless chains travelling around rotating drums or which are fixed
around the perimeters of disks or drums. In either case the teeth dig into the coal
when the cutting head is advanced and rip coal from the seam. The broken coal may



FiG. 13. Continuous miner loading into shuttle cars. (Joy Manufacturing Company.)
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be transported away from the continuous miner by means of conveyors or by
shuttle cars. In some instances the continuous miner deposits the coal on the floor
and a following loader loads it into shuttle cars. This practice provides temporary
storage, better clean up, and allows the mining machine to operate with a minimum
of stoppage.

LONG-WALL MINING SYSTEMS

In the long-wall system coal is won from a continuously advancing face which
may be from a few hundred feet to several thousand feet in length. The long-wall
system has been little used in American coal mines because coal seams are generally
mined at fairly shallow depths and favorable roof conditions allow the use of the
more flexible pillar mining systems. However, several recent installations of fully
mechanized long-wall systems have given very high production rates (see pp. 187,
239).

Handworked Long-wall

Originally all long-walls were handworked with the coal being holed (cut) and
drilled by hand labor, shot, and then hand loaded into cars running on tracks
located just behind the face for transport to the loader gate.

In firm coal it is necessary that a slot be cut back underneath the seam in order
that the coal will settle and fracture. Such a slot may be cut by a miner with a hand
pick. If the seam contains dirt bands the cutting may be done in these bands.

In exceptionally soft or friable coal seams, such as many of those in Germany,
the coal may be won by breaking it from the face by means of hand-held pneumatic
picks. The coal, after it is broken down, is then loaded onto conveyors which are
located parallel to and just behind the long-wall face.

Mechanized Cyclic Mining

Long-wall mining operations in which coal is first cut and broken down from the
face and then loaded onto conveyors are cyclic in nature. Usually only one shift
in each 24 hr can be devoted to loading of coal. The remainder of the time is spent
in cutting and breaking the coal and in moving and installing roof support, ripping
roadways, and miscellaneous work.

The first step in the mechanization of long-wall operations was the introduction
of the mechanical coal cutter for undercutting the face.

Next to be introduced was the conveyor installed parallel to the face, onto which
coal was shoveled and which conveyed the coal to loading gates whence it was trans-
ported to the main haulage system.

Production of Coal in Great Britain(?

Tables 8 and 9 give statistics of coal output from mechanized faces for the year
1961 (52 weeks ended December 30, 1961). The following notes indicate the basis
on which statistics in the accompanying Tables are derived and the manner in
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TABLE 8. SUMMARY OF MECHANIZED
(52 weeks ended December 30, 1961,

Number of machines
in use at end
Type of machine of period
1961 | 1960
LoNG-wALL METHODS
1. Anderton Shearer Loader — with powered supports 65 43
— with normal supports 402 283
Total Anderton Shearer Loader 467 326
2. A. B. Trepanner — with powered supports 51 33
— with normal supports 177 142
Total A. B. Trepanner 228 175
3. Plow Types
A. Plow, Rapid — with powered supports 5 3
— with normal supports 179 139
Total Plow, Rapid 184 142
B. Huwood Slicer — with powered supports 2 4
— with normal supports 28 28
Total Huwood Slicer 30 32
C. Scraper Box 20 23
D. M. & C. Stripper 3 3
E. Plow, Slow 2 4
Totals 3A to 3E 239 204
4. Cutter-chain Loading*
(i) Conventional Conveying 92 102
(ii) A. F. Conveying 9 10
Total 4(i) and 4(ii) 101 112
5. Meco-Moore 82 102
6. A. F. Conveyor (with prop-free front)} 53 53
7. Huwood Hydraulic Loader} 67 51
8. Dosco Miner 11 10
9. Multi-jib Cutter Loader 33 38
10. Mawco Cutter Loader — with powered supports 5 3
— with normal supports 13 7
Total Mawco Cutter Loader 18 10
11. Dranyam Cutter Loader = — with powered supports 1 1
— with normal supports 2 2
Total Dranyam Cutter Loader 3 3
12. Gloster Getter 2 9
13. Huwood Mechanical Loader§ 5 5
14. Trepan Shearer 9 1
15. Experimental and Other Applications 23 24
16. Totals Long-wall Methods (1 to 15)** 1341 1123
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with comparative statistics for 1960)
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Pithead coal

Man-shifts/thousand
tons pithead (MST

Average advance

Average advance

loaded during period face) (including per 24 hr per machine shift
shotfirers)
1961 1960 1961 l 1960 1961 l 1960 1961 | 1960
tons tons ft in. ft in. ft in. ft in.
6,141,617 | 3,223,601 112 118 5 3 4 9 2 6 2 6
31,897,968 | 26,649,282 152 146 4 6 4 4 2 8 2 8
38,039,585 | 29,872,883 146 143 4 8 4 4 2 7 2 8
6,195,979 | 2,742,380 100 106 5 7 5 2 2 8 2 8
16,760,958 | 12,362,763 132 130 5 1 5 0 2 9 2 9
22,956,937 | 15,105,143 123 125 5 3 5 0 2 9 2 9
255,201 101,253 156 166 3 6 3 5 2 3 2 0
10,365,626 | 6,595,050 180 181 3 8 3 7 2 10 2 11
10,620,827 | 6,696,303 180 181 3 8 3 7 2 10 2 10
148,548 186,100 184 178 4 4 3 5 1 10 1 10
3,063,029 | 2,459,239 135 138 4 1 4 0 2 3 2 4
3,211,577 2,645,339 137 141 4 1 4 0 2 3 2 3
415,326 493,914 297 281 3 3 3 4 2 9 3 0
280,018 276,618 102 110 3 10 4 9 3 10 4 9
216,976 298,943 212 218 3 7 3 2 2 2 2 7
14,744,724 | 10,411,117 173 175 — — — —
3,025,596 3,887,069 237 227 3 10 3 11 3 2 3 6
640,271 785,285 177 183 3 3 3 2 3 0 2 7
3,665,867 | 4,672,354 226 219 3 9 3 10 3 2 3 5
7,760,624 | 9,501,426 144 140 4 7 4 8 2 11 2 10
3,953,933 | 3,777,018 197 206 — — — —
2,357,052 | 2,418,476 197 180 4 0 3 11 3 3 3 3
1,048,915 906,284 119 99 4 7 4 7 4 0 4 1
782,399 768,047 266 251 4 0 3 10 3 5 3 3
386,290 158,833 128 117 6 1 5 5 3 1 2 10
577,665 207,573 157 158 4 11 4 9 2 8 2 9
963,955 366,406 145 140 5 4 5 0 2 10 2 9
22,228 2799 240 232 2 1 1 10 2 0 1 10
281,840 186,935 115 139 4 3 3 9 2 3 2 3
304,068 189,734 124 140 3 10 3 7 2 2 2 2
286,389 585,905 170 167 3 4 3 10 1 10 2 1
225,746 248,454 168 171 4 10 4 7 3 11 4 0
361,185 92,398 138 122 4 0 3 10 2 8 2 4
1,080,229 684,686 202 206 3 11 3 9 3 10 2 9
98,531,608 | 79,600,331 152 153 4 5 4 3 2 9 2 10
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TABLE 8.

Number of machines
in use at end

Type of machine of period

1961 1960

OTHER METHODS (inc. Room and Pillar)
17. Gathering Arm Loader 102 73
18. Joy Continuous Miner 41 33
19. Cutter-chain Loading 29 17
20. Duckbill 16 13
21. Experimental and Other Applications 6 6
22. Totals Other Methods (17 to 21) 194 142
Totals Long-wall and Other Methods (16 and 22) 1535 1265

* Cutter-chain loading with or without flights includes any adaptation such as Lambton
flights where a coal-cutter jib is modified for the purpose of loading.

+ These figures exclude power-loaded coal. Armoured flexible conveyors (used in conjunc-
tion with power-loaders) which numbered 1006 at the end of the year 1961, conveyed an addi-
tional 80, 086, 842 tons.

which they have been evaluated. All figures are based on pithead tonnage, as
distinct from saleable tonnage.

Table 8 gives a summary of mechanized coal face output by the various types of
machine in use in both “long-wall”’ and ‘“‘other methods” of working during 1961,
and comparative figures are also given for 1960.

The term ‘““mechanized output” includes the coal produced by all coal face
machinery which either loads prepared coal or cuts and loads coal simultaneously.
It also includes all coal obtained (including that filled by hand) where an armoured
flexible conveyor is in use without a separate power-loader and where, at the
completion of the shift or cycle, there are no props between the conveyor and the
face (i.e. where an armoured flexible conveyor is used on a prop-free front).

Type of Machine. Machines are listed in two groups, namely for ‘“long-wall”
and ‘“‘other methods™ (the latter including room-and-pillar) and a grand total is
given for all types of mechanized working.

Pithead Coal Loaded. This is the tonnage won by each class of machine on a
pithead basis (i.e. before preparation for the market).

Man-shifts per Thousand Tons (MST Face). This is the number of man-shifts
worked at the face for the production of each thousand tons of pithead output.

Average Advance per 24 hr and per Machine Shift. These figures are derived by
dividing the total advance during the year by the total number of days worked and
by the total number of machine shifts worked respectively.
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(cont.)
. Man-shifts/thousand
Pltheaq coal tons pithead (MST| Average advance Average advance
loaded during period face) (including per 24 hr per machine shift
shotfirers)

1961 1960 1961 | 1960 1961 | 1960 1961 1960
1,997,031 1,817,081 96 101 — — — —
1,548,040 | 1,249,397 53 51 — — — _

402,911 191,991 110 120 — — — _

98,524 89,312 205 194 — — — —

155,820 81,727 189 169 — — _ _

4,202,326 | 3,429,508 87 88 — — _ —
102,733,934 | 83,029,839 149 151 — — — —

1 Formally known as Huwood Ski-Hi.
§ Formally known as Huwood Loader.

** The figures given as average advance per 24 hr and per machine shift exclude armoured
flexible conveyors on a prop-free front.

Armoured flexible conveyors operated on a prop-free front without the use of a
separate power-loader are excluded.

Table 9 gives some additional statistics for each type of long-wall power-loader,
taking the machines in use at any time during the period; comparative figures are
also given for the year 1960.

Average Output per 24 hr and per Machine Shift. These figures are derived by
dividing the total output by the total number of days worked and by the total
number of shifts worked respectively. (Many machines work more than one shift
per 24 hr.)

Average Length of Face per Project. The average length of face is derived by
dividing the total length of all faces (including stable holes) which were worked
during the year by the total number of projects at work during the year.

Average Area Extracted per Machine Shift and per Man-shift. These figures are
calculated by multiplying the length of faces (including stable holes) by the advance
of each individual project, adding the results and dividing by the total number of
machine shifts and by the total man-shifts worked respectively.

Weighted Average Seam Thickness Extracted. This is derived by multiplying the
tonnage by the seam thickness extracted for each project, adding the results and
then dividing by the total output.
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TABLE 9. ADDITIONAL DETAIL FOR

52 weeks ended

Average | Average | Average
output output length
. per per of face
Type of machine 24 hr per | machine per
machine shift project
tons tons yd
Anderton Shearer Loader — with powered supports 478 230 201
— with normal supports 414 241 182
Total Anderton Shearer Ldr. 423 239 185
(all supports)
A. B. Trepanner — with powered supports 554 266 226
— with normal supports 473 255 217
Total A. B. Trepanner 492 258 219
(all supports)
Plow, Rapid -~ with powered supports 278 177 190
— with normal supports 284 219 164
Total Plow Rapid 284 218 164
(all supports)
Huwood Slicer — with powered supports 330 138 161
— with normal supports 504 284 206
Total Huwood Slicer 492 271 202
(all supports)
Scraper Box 81 68 101
M. &. C. Stripper 377 377 186
Plow, Slow 341 207 142
Cutter-chain Loading (i) Conventional Conveying 147 122 120
(ii) A. F. Conveying 247 227 135
Total Cutter-chain Loading 158 133 122
(i) and (ii)
Meco-Moore 381 243 158
Huwood Hydraulic Loader* 172 140 131
Dosco Miner 456 399 146
Multi-jib Cutter Loader 93 80 117
Mawco Cutter Loader — with powered supports 370 187 159
— with normal supports 301 164 173
Total Mawco Cutter Loader 326 173 168
(all supports)
Dranyam Cutter Loader — with powered supports 152 144 167
— with normal supports 486 255 198
Total Dranyam Cutter Loader 419 242 190
(all supports)
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LONGWALL POWER-LOADERS(19)
December 30, 1961 Comparative statistics for 1960
Average . Average .
Weighted| Average | Average | Average Weighted
area extracted average | output output length area extracted average
seam per per of face seam
Per Per thickness | 24 hr per | machine per Per Per thickness
machine man- | extracted | machine shift project | machine | man- |extracted
shift shift shift shift
ft? ft? ft in. tons tons yd ft? ft? ft in.
1521 59 4 0 420 216 197 1485 58 4 0
1466 40 4 396 245 186 1523 43 4 4
1475 42 4 5 398 242 188 1518 44 4 4
1851 70 3 11 510 263 223 1838 66 3 10
1772 53 3 11 449 248 213 1757 55 3 10
1792 56 3 11 459 251 215 1771 56 3 10
1134 41 4 2 216 126 174 889 43 4 0
1430 36 4 2 274 222 164 1453 36 4 0
1421 36 4 2 272 219 164 1438 36 4 0
759 30 5 0 345 181 189 959 30 5 2
1319 35 5 9 459 262 198 1275 35 5 8
1268 34 5 9 448 254 197 1244 35 5 8
848 42 2 4 89 80 101 900 40 2 7
2150 56 4 8 384 381 157 2264 54 4 4
854 19 6 10 259 209 164 1251 27 5 6
1113 39 3 1 157 140 128 1299 41 3 3
1327 33 4 6 267 218 158 1291 32 4 8
1135 38 3 4 169 149 131 1298 40 3 6
1376 39 4 9 388 234 167 1341 41 4 9
1264 46 3 3 164 138 129 1181 48 3 5
1779 38 6 3 484 425 145 1776 42 6 3
1070 50 2 2 93 79 123 1032 52 2 3
1486 62 3 5 386 199 181 1522 65 3 5
1341 52 3 6 317 183 164 1373 47 3 6
1395 56 3 6 343 190 169 1435 54 3 6
1006 29 4 2 97 97 170 950 43 2 9
1290 44 5 8 411 244 193 1300 38 5 5
1255 42 7 392 239 192 1287 38 5
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TABLE 9.

52 weeks ended

Average | Average | Average
output output length
. per per of face
Type of machine 24 hr per | machine per

machine shift project

tons tons yd
Gloster Getter 215 119 159
Huwood Mechanical Loadert 193 158 192
Trepan Shearer 386 260 190
Experimental and Other Applications 194 140 151
Great Britain — Average 353 222 171

* Formally known as Huwood Ski-Hi.
1t Formally known as Huwood Loader.

Operating Cycle at a Long-wall Face

The order of operations involved in mining an undercut long-wall face is as
follows:

First shift: load broken coal onto the face conveyor.

Second shift: move the conveyor over; move forward the chocks or breaker
props, and withdraw back roof supports; rip roadway roofs and build packs.

Third shift: cut coal; drill and shoot the coal if undercutting does not cause it
to settle and break.

The conveyor is shifted ahead each time by a distance equal to the width of the
slice of coal removed from the face. A space of about 3 ft must be left between the
front row of props and the face in which the coal cutter can travel.

An alternate cycle of operations could be:

First shift: load coal onto the conveyor and draw timber.

Second shift: cut coal and drill shot holes.

Third shift: shift the conveyor; rip roadway roofs, build packs; fire the shots.

Coal Cutting

About 90 per cent of the coal mined in Great Britain is machine cut and almost
50 per cent is power loaded. Mechanical cutters can be efficiently applied to most
seams but in a few instances conditions may not warrant their use. Such conditions
include thick friable seams where coal can be easily broken by hand and seams
which are offset by numerous faults which make it difficult to traverse the face
with a mechanical cutter.
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(cont.)
December 30, 1961 Comparative statistics for 1960
areaAevftrrziet ed Weighted | Average | Average | Average r e:“«;irta:ggt d Weighted
average | output output length a ¢ average
seam per per of face seam
Per Per thickness | 24 hr per | machine per Per Per thickness
machine man- |extracted | machine shift project | machine | man- |extracted
shift shift shift shift
ft2 ft2 ft in. tons tons_ yd ft2 ftz ft in.
860 42 311 244 132 156 953 43 3 9
1712 65 2 9 169 148 211 1588 63 2 8
1656 46 4 6 343 210 203 1568 61 3 9
1226 43 39 203 149 151 1235 40 4 1
1467 44 4 3 327 218 170 1455 44 4 2

Limestone
Black to

F P SN 3 5 Dlue slate
¢>¢: . = X . e . R
5 =5 Air shaft n, Top coal

Clay parting

& ///, Bottom coal
< . Clay seam
\:,7/ ',’*“" \Bmy coal
’«\/,'1‘ } Fireclay
S ] Limestone

0 100 200 30 Section of mystic seam

[P T E—
Scale, feet

FiG. 14. Typical handworked long-wall mine in the Centerville (Iowa) District showing radial
advance from the central shaft; typical of some midwestern long-wall operations in the 1930’s.(18>
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Most often the coal is bottom cut; however, if a seam contains a dirt band it
may be desirable to make the cut in this band. If the floor is soft and tends to lift
and to close the cut it may be necessary to make the cut near the top of the seam.

Machines for Long-wall Mining

Long-wall Coal Cutters

A number of manufacturers produce long-wall coal cutters in a variety of heights
and powered according to the hardness of the coal to be cut.

These machines may be powered by electricity or by compressed air.

The height of the jib on a coal cutter may be varied by using different components
in the turret head assembly. Some machines are fitted with hydraulic turret jibs
which allow some variation of the height of cut to be made while cutting operations
are in progress.

Long-wall Power Loaders

Power loaders are designed to plow or to sweep the broken coal from the mine
floor onto the conveyor which runs along parallel to, and a few feet from, the coal
face.

The simplest power loader is a long-wall coal cutter which has been converted
for loading by attaching loading flights to the cutting chain.

NN\

F1G. 15. Action of the Huwood Loader (for loading
on long-wall faces). (Hugh Wood & Co. Ltd.)

The Huwood loader is built especially for loading coal and is equipped with two
hydraulic jack anchor posts which can be tightened against floor and roof and
against which the loader pushes with hydraulic cylinders to propel itself. The front
portion of this loader is equipped with reciprocating arms which sweep the coal
away from the face and toward the face conveyor.

In soft or friable seams undercutting may be sufficient to cause the coal to fall
and to break into sizes suitable for loading while in hard seams it may be necessary
to shoot the coal to break it from the seam and reduce it to sizes which can be
loaded.
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Mechanized Non-cyclic Mining

In pillar mining systems a machine which eliminates the drill and shoot cycles
of the coal getting process is known as a continuous miner.

In British long-wall mining systems certain machines are in use which rip or cut
the coal from the face and load it onto face conveyors but which cut in only one

S
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FiG. 16. Conventional long-wall face layout.(1

direction and therefore must be flitted back idle to the starting point. In British
practice such machines are considered as cyclic and only those machines which
cut and/or load in both directions are classified as non-cyclic.

In this work, however, the author has classified machines for pillar mining
systems as non-cyclic because they eliminate the drilling and shooting cycle of coal
getting; therefore long-wall machines which eliminate the drilling and shooting
cycles will also be classified herein as non-cyclic or continuous mining machines.

Machines for continuous mining on long-wall faces are usually designed to cut
or rip a relatively narrow slice of coal from the face during each pass along the
face. This allows a “prop-free front” to be maintained; that is the last row of props
is placed about 3 or 4 ft from the face and the roof between the props and the face
is supported by bars cantilevered from the last row of props.

By removing only a narrow slice of coal at each pass the roof is maintained in
much better structural condition and fracturing of the roof is much less extensive
that when a wide web of coal is removed from the face.



F1G. 17. Huwood slicer-loader and T.C.R. props in a Derbyshire Colliery. (Hugh Wood & Co. Ltd.)
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Types of Non-cyclic Miners

Continuous long-wall miners fall into one of three classes: (1) trepanning or
boring machines; (2) ripping or shearing machines; (3) coal planers or plows.

The A. B. Trepanner is a boring type machine which attacks the coal with a
cylinder on the advancing edge of which are set cutting picks rotating about an
axis which is parallel to the coal face. Cutting picks are fixed to the edge of this
cylinder so that the action is somewhat similar to that of a boring machine. More
than 22 million tons of coal was produced with these machines in Great Britain
in 1961.

The Anderton Shearer-loader is also a popular machine for continuous mining
on long-walls and these machines produced about 38 million tons of coal in Great
Britain in 1961. The machine is equipped with a toothed drum which rotates about
an axis which is perpendicular to the coal face and rips coal from the face.

The Joy long-wall Buttock Miner is a crawler-mounted machine which is equipped
with twin trepanners to remove a web of coal about 5 ft wide from the face.

Coal plows or planers are simple slide-mounted devices equipped with wedge
blades and designed to be pulled along the coal face and to peel from the face a
layer of coal a few inches thick. The broken coal is deflected or plowed onto the
armored face conveyor on which the plough is mounted.

Plows are usually classified as ‘“high speed”, “slow speed”, or scraper boxes.
Generally the “slow speed” plows are used in those coal beds where roof and
floor partings are poor, or where the coal is hard or tough, or where conditions
along the face are not uniform. These plows usually operate at speeds of about
10 ft/min to 50 ft/min.

“High speed” plows are suitable where the coal is friable and easily got. They
operate in ranges up to 100 ft/min, and take off a slice of coal which is only a few
inches thick during each passage along the face.

Activated Plows

Some types of coal plows are equipped with vibrating picks to aid in loosening
the coal from the harder seams, and some plows are equipped with means for
self propulsion so that they do not have to be pulled along the face by means of a
chain.

The Samson Stripper is a self-propelled plow which wedges or peels a 2-ft slice
of coal from the face by means of a wedge-shaped cutting head which is advanced
into the coal step by step. The main frame of this machine anchors itself by means
of hydraulic jacks which expand against the floor and roof. Horizontal hydraulic
cylinders then act against these jacks to advance the wedge head into the coal.

The Huwood Slicer moves along the face on the conveyor and loosens coal from
the face by means of a wedge head whose forward edge is equipped with vibrating
picks.
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Scraper Boxes

Scraper boxes are special types of plows which are attached to a tow chain or
cable and which are dragged back and forth along the face by a winch. They scrape
the coal, by stages, to a loading gate.

To obtain cutting action scraper boxes are held against the face by a guide rail
which is pushed forward by pneumatic rams. Scraper boxes are most likely to be
successful in thin seams and in coal which is soft or friable and is easily gotten.
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FiG. 18. A typical Lobbe plow face layout.(1)
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PILLAR MINING SYSTEMS
Coal Haulage

Haulage refers to the process of moving the coal mined at the face to the mine
tipple. It does not include the transportation of men and supplies that use the
same equipment. For convenience the transportation system can be divided into
four parts:® Portal haulage (shaft, slope, and drift); mainline haulage; intermedi-
ate haulage; and face haulage. These subdivisions are not necessarily made in all
transportation systems as the intermediate haulage may be the mainline and the
portal haulage may be a continuation of the mainline.

The portal haulage used depends on the type of mine opening. In vertical shafts,
hoisting of loaded mine cars on cages to the surface is being eliminated in favor of
skips that are loaded automatically from a bottom dump. Slopes sunk on dips not
exceeding 17° are equipped with belts in most newly developed mines and some older
mines. Where slope belts are used a supplementary track system transports men
and supplies. In drift mines this haulage is a continuation of the mainline haulage
whether it is done by locomotives, belts, or even shuttle cars.
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Mainline haulage is the movement of mined coal from gathering stations in the
mine to the portal and usually is accomplished by locomotives or by belts fed by
other conveyors. Locomotives up to 50 tons operated singly or in tandem pull
trips of as many as twenty-five cars ranging to 20 ton capacity. Track rails weighing
up to 120 1b./yd are either bolted or welded and are laid on wood ties in a ballasted
road bed. Locomotive operators are in constant touch with dispatchers and other
locomotive operators by two-way radio. Block signals and automatic switch-
throws are operated from the cab of the locomotive without stopping. Speeds of
15 miles, or more, per hr are maintained by the mainline trips. Belts used in main-
line transportation show a trend away from the rigid frame construction to the

rope type.

TaABLE 10. NUMBER OF UNDERGROUND BITUMINOUS COAL AND LIGNITE MINES AND NUMBER OF
HAULAGE UNITS IN USE IN THE UNITED STATES, IN SELECTED YEARS(16)*

- Gath-
Locomotives Rop &:,‘Izliz:;llage Shuttle cars | ering
Under- and Ani-
Year [ground Sta- haul- mgis
mines Bat- [Other Port-| Cable|Bat- age
Trolley tery | types Total able t::n- Total reel | tery Total con-
y veyors

1924 | 7352 | 12,7651|1515 | 443 | 14,723 | 1 i 649 t o B I 36,352
1946 | 5888 | 14,110 {1001 | 110 | 15,231 | 4084| 1009| 5093| i It 457 | 10,185
1948 | 7108 | 14,617 | 904 | 74 | 15,595 | 3886| 1044| 4930| f Tt 755 | 10,834
1949 | 6798 | 14,090 | 928 | 59 | 15,077 | 3904| 1073| 4977 2144| 623| 2767 860 | 10,313
1950 | 7559 | 13,822 | 949 | 62 | 14,833 | 4225 1037| 5262| 2872 512| 3294 1013 | 10,033
1951 | 6225 | 13,327 | 900 | 51 | 14,278 | 3875 916| 4791| 3191| 567, 3758 1094 7478
1952 | 5632 | 12,545 | 812 | 41 | 13,398 | 3584 852 4436 3382 462| 3844| 1066 6555
1953 | 5034 | 11,311 | 678 | 45 | 12,034 | 2838| 727| 3565| 3797| 425| 4222| 1042 5354
1954 | 4653 | 10,155 | 762 | 38 | 10,955 | 1926 781 2707| 4400 431 4831 1081 5409
1955 | 6035 9538 | 658 | 40 | 10,236 | 1327 577| 1904 4375| 239| 4614 1002 6440
1956 | 6542 9445 | 861 | 102 | 10,408 | 1420| 575 1995/ 4757| 257 5014 1114 6097
1957 | 6512 8997 | 898 | 138 | 10,033 | 1214] 616, 1830 5129| 257| 5386| 1233 5054
1958 | 6319 8057 | 920 | 138 9115 | 926/ 538| 1464/ 4871| 259| 5130| 1235 4678
1959 | 5815 7263 | 949 | 137 8349 | 900| 504| 1404| 4795 255 5050| 1416 4063
1960 | 5989 6922 | 946 | 173 8041 | 892 510| 1402! 4722| 236/ 4958 1566 3503
1961 | 5843 6362 | 583 | 162 7107 | § § § | 4687| 182| 4869 1635 §

* Exclusive of lignite and Virginia semianthracite mines in 1946, 1948, and 1949.
+ Includes combination trolley and battery locomotives.

1 Data not available.

§ Canvass discontinued.

Intermediate haulage is the transportation of mined coal from the face haulage
to that point where it is accessible to the mainline. It is accomplished by conveyors,
belts, or locomotives and mine cars. Where gathering belts or conveyors are used,
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the end of this phase of haulage is at the transfer point of the coal to the mine cars
or to a mainline belt. With locomotives and mine cars, it would end at the partings
where the loads are assembled into trips for the mainline locomotives.

Face Haulage

Face haulage means the transportation of mined coal from the working face to
an intermediate haulage. It is accomplished by shuttle cars, conveyors, locomotives,
and mine cars, or by combinations of such equipment. Table 11 summarizes the
face-haulage systems used at thirteen mines studied by personnel of the U.S.
Bureau of Mines.®

Shuttle Cars

Shuttle cars were used at eight of the mines studied and received the coal directly
from the continuous-mining machine or loading machine; from a surge car behind
the face equipment; or from a loading machine operated behind a continuouse
mining machine. All shuttle cars were the cable type, and where more than on-
was required for the face equipment, separate travelways were provided.

Conveyors

Two types of conveyors were used in face haulage in the mines studied: extensible
belt, and chain. The extensible belts were used in coal more than 50 in. thick, and
chain conveyors were employed in thin coal. The extensible belts received the mined
coal from continuous-mining machines over a bridge between the units. Equipment
out by the extensible belt was not considered face haulage.

Because of the low headroom required chain conveyors are used extensively in
thin coal. The face equipment can load directly on to the conveyor or, as is being
done more frequently, to a bridge conveyor to the chain conveyor. Equipment out
by the chain conveyor discharge was not considered face haulage.

Locomotives and Cars

Because of the trend to trackless type loading equipment, locomotive—car face
haulage is on the decline. However, where mine cars of 6-10 ton capacity can be
loaded at the face and where the car change can be held to a short haul, it is usable
with some types of loading machines.
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TABLE 11. FACE EQUIPMENT AND TRANSPORTATION TO INTERMEDIATE HAULAGE(®)

Mine No. Face mining Sequence of transfer from loading Intermediate
and unit equipment equipment to intermediate haulage haulage
1(a) Auger C.M.* Bridge conveyor — chain conveyor 24-in. belt to cars
2(a) do. do. 30-in. belt to storage
bank
3(@) M.L.t do. 30-in. belt to 3-ton
cars
3(b) do. Loading machine — chain conveyor do.
4(a) Ripper C.M.} 24-in. extensible belt 30-in. belt to 5-ton
cars
4(b) do. Surge car — shuttle car do.
4(c) do. do. do.
5() Boring C.M..§ 30-in. extensible belt do.
6(a) Ripper C.M.} Loading machine — shuttle car 8-ton cars
6(b) do. do. 30-in. belt
6(c) M.L.+ Shuttle car 8-ton cars
6(d) T.L.** Locomotive and mine car do.
7@a) Ripper C.M.1 24-in. extensible belt 6-ton cars
1(b) M.L.+ Shuttle cars do.
8(a) Ripper C.M.} Loading machine — shuttle car 10-ton cars
8(b) M.L.t+ Shuttle car do.
9(a) T.L.** Locomotive and mine car do.
9(b) do. do. do.
9(c) do. do. do.
10(a) M.L.t Shuttle cars do.
10(b) T.L.** Locomotive and mine car do.
11(a) Boring C. M.+ 36-in. extensible belt 42-in. belt
11(b) M.L.}+ Shuttle cars do.
12(a) Ripper C. M.} 30-in. extensible belt 30-in. belt
12(b) do. Shuttle cars do.
12(c) M.L.t do. do.
13(a) do. do. Shuttle cars

* Shortwall auger continuous-mining machine.

+ Mobile-loading units.

1 Ripping action continuous-mining machine.
§ Boring action continuous-mining machine with a series of rotating arms.
** Track-loading units.

++ Boring action continuous-mining machine with two rotating arms.

Results of Study®

Four general types of face haulage were studied: chain conveyors, extensible
belts, shuttle cars, and mine cars. There were variations in equipment combinations
used ahead of and behind the face haulage. Table 12 summarizes the results for
each unit and shows the number of tons per crew and per man-shift.



FiG. 19. Typical mechanized track mine. (Joy Manufacturing Company.)
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F1G. 20. Extensible belt and continuous miner. (Joy Manufacturing Company.)
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FIG. 21. Room development with a “full dimension” mining system.

The loading cycle starts in No. 3 Room DI, moves to No. 2 Right Breakthrough B2, to No. 2 Face C1, to No. 2

Left Breakthrough B1, to No. 1 Face A1. This continues for three cycles at which time the breakthroughs are

completed. Three more cuts are taken at D4, DS, D6, C4, CS5, C6, A4, AS, and A6, before the next extension.
(The Long Company.)
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In comparing the four general systems of face haulage on a basis of tons per
crew man per shift, the results were:

Type of face haulage | Tons per man

Extensible belts 53
Shuttle cars 30
Mine cars 30
Chain conveyors 21

As a group, extensible belt face haulage had the best average of production per
crew man-shift. This might be expected for several reasons: each was behind a
continuous-mining machine; the equipment was newer than most other face haulage
equipment; the delays attributable to face haulage generally were less than with
other types; and the coalbeds in which they were operated were 52 in. or more in
thickness.

Although the average production per crew man-shift was the same for shuttle-car
haulage and mine-car haulage, shuttle-car haulage is more widely used and generally
should give better results. Supervision and planning are important factors in the
success or failure of these types of face haulage. The minimum thickness of coal
mined where mine-car haulage was studied was 71 in., whereas with shuttle cars,
six of the twelve units were operated in coal of less thickness.

All shuttle cars were cable-reel type and were used with varied equipment, both
at the loading and the unloading points. Shuttle cars were loaded either by surge
car, by a loading machine using the mine floor as surge capacity, or by a loading
machine at the face.

Delays caused by shuttle-car haulage were longer than by extensible belt. Prin-
cipal delays were caused by mechanical defects of the shuttle cars and trailing
cable troubles.

Chain conveyors were most adaptable for use in coal beds less than 42 in. thick.
Because of low headroom the movement of equipment and personnel is more limited
than in thick coal and as a result production per man-shift is less. When used with
bridge conveyors from mechanical loading face equipment, production from chain-
conveyor face haulage is two to three times that for hand loading.

Principal causes of delays with chain-conveyor face haulage are: keeping the
pans in alignment to prevent the flights from riding to the top of the coal in the
pan line; unloading coal to get the flights back into position; and adding sections
to or taking them from the pan line.

The extensible belt is the latest type of face haulage adaptable for use behind
continuous mining machines in coal more than 50 in. thick. Peak loads are moved
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TABLE 12. SUMMARY OF PRODUCTION PER UNIT-CREW /MAN-SHIFT(®)

Mine o Thickness| Minutes | Minutes Tons. per
ang | Type of face haulage | Fr® ORE | 0L SORL | e | dhedon |
unit (in.) delays time | Crew | Man
4(a) | Extensible belt Ripper C.M.* 52 5 300 324 | 54
5(a) do. Boring C. M.t 52 14 316 300 | 43
7(a) do. Ripper C.M.* 62 13 242 200 | 33
11(a) do. Boring C. M.t 78 55 280 550 | 71
12(a) do. Ripper C.M.* 84 15 345 540 | 77
12(b) do. Ripper C.M.* 84 30 310 325 | 41
4(b) | Surge (car) — shuttle
car do. 52 — 294 | 170 | 24
4(c) do. do. 52 35 270 267 | 38
6(a) | Surge (floor)— shuttle
car do. 98 40 223 114 | 15
8(a) do. do. 65 30 280 255 | 36
7(b) | Shuttle car (to mine
car) M.L.1 74 24 306 200 | 22
8(b) do. do. 65 26 250 255 | 26
10(a) do. do. 71 18 240 242 | 18
6(b) | Shuttle car (to belt) | Ripper C.M.* 51 29 191 114 | 17
6(c) do. M.L.t 98 15 300 159 | 20
11(b) | Shuttle car (to mine
car) do. 78 67 350 1100 | 67
12(c) | Shuttle car (to belt) do. 84 15 420 472 39
13(a) | Shuttle car (only) do. 50 — 450 351 32
6(d) | Mine cars — loco-
motives T.L.§ 72 85 127 136 16
9(a) do. do. 74 20 330 323 | 32
9(b) do. do. 74 25 340 443 | 40
9(c) do. do. 74 10 395 608 | 51
10(b) do. do. 71 100 280 167 | 12
1(a) | Bridge — chain
conveyor Auger C. M. ** 30 84 236 100 20
2(a) do. do. 42 75 300 135 | 30
3(a) do. M.L.t 36 27 284 137 | 16
3(b) | Chain conveyor do. 56 15 240 172 19

* Ripper continuous miner.
1 Boring continuous miner.
I Mobile loader.
§ Track loader.
** Shortwall auger continuous miner.

speedily and generally without surge storage facilities which are commonly used
with shuttle-car haulage.

Shuttle-car face haulage is the most widely used type; it can be adapted for use
with present day face equipment, and is flexible.



FiG. 22. Modern trackless mine using shuttle car haulage. (Joy Manufacturing Co.)
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FiG. 23. Six-wheel shuttle car. (Joy Manufacturing Company.)
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Although the chain conveyor has many faults and has not been improved in
years, it is the best type of face haulage for mining in thin coal.

Mine car face haulage is declining in use. However, in thick coal good production
rates can be maintained with this system provided that haulage is carefully planned
and supervised, and that large mine cars are used.

Roof Control and Roof Action (see also Volume 1, Part B, Chapter 6 and Volume 2,
Part A, Chapter 1)

The most difficult problem encountered in extracting pillars with mechanized
equipment is the effective control of not only the immediate roof, but the entire
overlying strata. The void created in the strata is partly filled with caved rock from
the immediate overlying strata and partly by subsidence of the remaining overbur-
den. The speed, regularity, and precision with which pillars are extracted help to
obtain regular breaks and caving of overlying strata along established pillar lines,
thus relieving and preventing excessive weight at the coal faces. In some mines,
advantage is taken of natural cleats in roof rock to obtain frequent and systematic
roof falls. Some of the more serious adverse conditions arising in pillar extraction
are the results of the failure to mine all stumps, pillars, or larger blocks of coal as
a section is retreated. Squeezes and other unfavorable mining conditions may arise,
which result in abandonment of a pillar line and subsequent loss of large areas of
coal.

The following discussion is taken from U.S. Bureau of Mines I.C. 7631.¥

It is generally agreed in the coal mining industry that in mining coal successfully: (1) Enough
coal must be removed to permit the roof and overburden to cave and subside completely; or
(2) enough solid coal must be left in place to support the overburden, at least until mining oper-
ations in a given area are abandoned. In the first method, 30-60 per cent of the coal mined is
from development work, and the remaining production is from systematic pillar robbing or
pillar extraction. In the second method, very little coal is recovered from pillars. The first
method requires that mine section layouts be designed so that systematic pillar extraction can
be planned in advance. Development and pillar-extraction plans usually are dependent upon
the operator’s knowledge of mining conditions in the area and upon the type of equipment to
be used. Other factors that govern mine layouts are mining costs, production possibilities, recov-
ery of coal, and safety of employees and equipment.

The two systems of pillar extraction most generally used are (a) block and (b) room-and-
pillar. With the block system, which is more generally used in thick coal beds, over half the
production usually is from pillars. In the room-and-pillar system, which is used in both thick
and thin coal beds, over half the production usually is from entries, rooms, and crosscuts.

The (a) open-end and (b) pocket-and-fender methods are most generally used in pillar ex-
traction. Where the open-end method is used, cuts or lifts are mined from one or two gob sides
of a pillar and no fenders or stumps of coal are left adjacent to the gob as the lift is advanced.
In the pocket-and-fender method, lifts are mined in the same way as in the open-end method,
except that a fender of coal or a series of small coal stumps is left adjacent to the gob as the
lift is advanced. After the lift is completed, the fender or stumps of coal are blasted, and some-
times part of this coal is recovered.

In pillar mining, the roof at the pillar line is supported by timbers, fenders of coal, or stumps
of coal. Timbers, where used, comprise rows of breaker props, wood crossbars, or wood cribs.
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These roof-support methods often are used in combinations of two or more, depending upon
roof conditions. The roof over mined-out areas must cave as pillar extraction progresses. Cav-
ing relieves weight that otherwise would be transferred to timbers and solid coal along the
pillar line.

The following discussion is from U.S. Bureau of Mines I.C. 7696.>

As in conventional, hand-loading, and mechanical mining methods, effective roof control
is most important. A method of roof support must be provided that will insure safety to work-
men and equipment and allow the continuous-mining machine to operate without undue delay.
Roof bolting was used to advantage in some mines; in other mines, wood and steel crossbars
were set on steel jacks or wood posts; and other mine roofs required only wood or steel posts
with wood cap pieces. Roof conditions generally were better in the continuous-mining sections
of a mine than in the mobile-loading sections. At the cleaning plants at two of the mines studied,
the reject was 8 and 13 per cent of the raw coal from the continuous-mining sections; and 30
and 20.4 per cent, respectively, from the mobile-loading sections. Both mines, widely separated,
left top coal in the continuous-mining section to protect the overlying draw slate and used wood
crossbars on wood posts as roof supports; whereas no top coal was left in the mobile-loading
sections. Probably because of the top coal and the absence of blasting in the continuous-min-
ing sections, fewer falls contaminated the coal, and a cleaner product to the preparation plant
was assured. Roof conditions in sections where pillars were extracted with continuous-mining
machines generally were better than in similar areas in the same mines where pillars were ex-
tracted by mobile-loading units. Continuous mining lends itself to the concentrated and rapid
extraction of pillars (by splitting, open-end, or pocket-and-fender method). As only one work-
ing place is active at one time for each unit operating on a pillar line, better roof control can
be maintained to provide safer working conditions than with conventional mining.

Weight Transfer

For successful caving of the roof following a long-wall face, or a retreating pillar
line, all strong, incompressible supports must be removed from the area to be caved.

When “island” supports, such as pillars, remnants, stumps, or heavy cribs, which
are too large to crush easily, are left in the goaf “the weight of the roof is thrown
on the face” (to use a mining term). We may visualize the reasons for such an
occurrence if we review the stress distribution in the vicinity of the face.

Figure 24(a) shows the stress distribution in the vicinity of the face for the case
of full caving of the roof. Here the “abutment load” is all carried on the solid coal
ahead of the face.

Figure 24(b) shows the stress conditions if a rigid ““island” type of support is left
in the mined area behind the face. For the conditions shown the roof is strong and
the “island” support is large and relatively incompressible. The portion of roof
between the ““island” and the face is almost as incompressible as the seam itself.
Therefore the portion of roof spanning between “island”” and face becomes a part
of the loaded abutment and must sustain similar abutment pressure. This over-
pressure may be sufficient to crush the seam at the face, buckle props and cribs,
and cause the roof to fracture and the floor to heave near the face.

When weaker, or slightly more compressible, ““island” types of support are left
in the goaf stress conditions occur as shown in Fig. 24(c). Here the “beam” formed
by the immediate roof projecting back over the goaf is prevented by the island
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support from breaking off cleanly. If such support yields slightly the beam deflects;
again the coal at the face is squeezed between the subsiding roof beam and the
floor. Props and cribs are crushed. The roof may fracture and the floor heave at
the face.

A rigid island creates an abutment zone between island and face which must
sustain abutment pressures proportional to its incompressibility. If the island sup-
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FIG. 24. (a) Vertical pressure distribution when yielding supports are used with complete caving

of roof behind the face.
(b) Vertical pressure distribution after a rigid pillar has been left in the goaf.
(c) Vertical pressure distribution after a yielding pillar has been left in the goaf.

port yields sufficiently then the abutment pressure (that is, the pressure from the
main roof) is less effective but the weight of the immediate roof (acting as a beam)
begins to make itself felt on the face and supports. When the island support yields
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sufficiently the “immediate roof”” beam, if it is still intact, breaks off along the crib
line. Usually the damage has already been done and the immediate roof has frac-
tured in the vicinity of the face and is resting on the props at one end and on the
island at the other.

Recovery of props or cribs may be difficult or impossible, and re-establishment
of the mining and support cycle is difficult.

If extraction of a seam with full caving of the roof is contemplated the seam
should be mined out completely as the extraction line progresses. If a stump must
be left at the outer end of each pillar as it is mined then the stump should be small
enough to crush easily under the subsiding roof after extraction of the pillar is
completed.

If strong stumps must be left for temporary support they should be blasted out
after mining is completed on each pillar. Wooden props and cribs which are not
to be recovered should be small enough to yield, or to crush, and allow the immedi-
ate roof to break off short.

Effects of Un-mined Blocks on Underlying Coal Seams

When coal seams lying on different horizons are to be worked the overlying
seam should be mined by methods which do not leave large remnant pillars. The
pressure of the overburden is concentrated on such pillars and is transmitted verti-
cally to the underlying seam where zones of high stress are created underneath
each of the remnants in the upper seam.

Figure 25 illustrates the stress effects of pillars which were left in the Sewickley
Seam which was mined from 10 to 30 years prior to the time that the underlying
Pittsburgh Seam was mined.\1?

Blocks of coal from 100 ft square to 200 X 400 ft and larger had been left in the
Sewickley Seam. These pillars did not crush although some yield took place when
they were forced into the soft bottom by the concentrated overburden load. This
load was carried 85 ft down through the intervening strata to the Pittsburgh Seam
with the result that headings in the Pittsburgh were subjected to excessive squeezing
and roof deterioration and large amounts of timber and cribbing were required to
keep entries open.

Mining conditions became normal when headings were reoriented to pass be-
tween locations of overlying pillars instead of under them.

The depth of the overburden overlying the Sewickley was most important in
determining whether squeezing would take place in the Pittsburgh Seam. Where
the cover varied from 50 to 200 ft little difficulty was experienced in Pittsburgh
headings. Where cover exceeds 200 ft squeezes may be expected and where the
cover exceeds 300 ft difficulties are almost certain to occur in headings driven under
pillars left in the Sewickley.
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F1G. 25. (a) A typical cross-section showing strata overlying the Pittsburgh coal.
(b) Overburden load transmitted to the Pittsburgh seam through unmined Sewickley
blocks.(19)
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LONG-WALL MINING SYSTEM
Roof Control and Roof Action

With the system of long-wall advancing a panel of coal is extracted by advancing
a face or extraction line on a broad front. Support at the working face, and imme-
diately behind the face, is furnished by steel (occasionally wood) props. These are
supplemented by timber “chocks” or “cribs” placed a few feet further to the rear.
The latter furnish a line of rigid support along which the roof will break and cave.
All supports are retrieved, moved ahead, and re-set as the face advances.

Behind the supported area in the vicinity of the working face the roof may be
allowed to break and cave into the ‘“‘goaf”’ (mined-out area) or “strip packing” or
“filling” may be provided in the goaf area, to prevent full caving of the roof, and
to allow it to settle gradually until filling is compressed (see Volume 2, Part A,
Chapters 1 and 2).

Long-wall Advancing with Full Caving of the Roof (sze Volume 2, Part A,
Chapter 2)

This method provides no support, except at roadways. The roof is allowed to
cave completely, and subsidence extends to the surface.

Figure 26(a), (b), and (c)'? illustrates the principle of the long-wall mining
system with full caving of the roof. The immediate roof fractures and falls, and the
upper beds are permitted to fracture or bend until they are supported on fallen
material.

The roof immediately at, and behind the long-wall face, can be considered as a
cantilever beam projecting back over the goaf. A line of wooden cribs or “chocks”
is ordinarily set, and spaced closely enough to produce a break line along which
the immediate roof will fracture and fall. If the “cantilever beam’’ can be broken
off short then excessive bending, and pressure, will be prevented from developing
in the vicinity of the face, and excess weight will be kept off the props and chocks.

It is apparent that a thick strong roof, such as thick sandstone beds, will be
difficult to break. Such a roof may exert excessive pressure on the coal and support
before fracturing and break with considerable violence when it does fracture.

Long-wall Advancing with Strip Packing or Filiing (see Volume 2, Part A,
Chapter 2)

This method is commonly used in British and European mines. Roadways which
must be kept open for access to the advancing face, such as ventilation ways, and
haulageways, are supported by “rock packs” in and/or at the edges of the mined-
out areas (goaf). In addition packs are built to support the general mass of strata
and to control the roof near the working face.
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F1G. 26. (a) How higher strata bridge over a mined-out area and relieve the load on the immediate
working face.
(b) How convergence affects the top at the working face.
(c) How caving is employed to fill waste behind the working face.(1)
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F1G. 27. Strip packing — advancing long-wall.(1?)
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These packs are gradually compressed by the settlement of the overlying strata
and tend to reduce periodic intensive fracturing, and to minimize ‘“bumps”.
Subsidence is even over the working area and the rate and amount can be regulated
within limits by the quality and method of stowing of the packing.

Figure 27» shows a typical example of long-wall mining with strip packing.

In the example illustrated in Fig. 27 the bed thickness is 5 ft; overburden is
2275 ft. Material for the stone packs is taken from the wastes, which cave as the
face advances. If the roof material does not cave readily, it must be drilled and
blasted to supply this material. Support at the working face is achieved with props,
either wood or steel, and chocks (wood). These face supports are reclaimed and
moved forward with successive cuts. Uniform quality of packs is essential for proper
control of weight, which is further accomplished, accurately, by varying the number
and width of packs. The first ripping, or mining of rock sufficient for roadway
height, is done at the face end of the packs; a second ripping is carried on about
300 ft behind the face, in this example, to establish final roadway height after the
mined-out area has subsided.

In normal conditions, where face conveyors are used, the economic length of
face has been found to be 100-150 yd for single units and twice that length for
double units.

Long-wall advancing is the principal system of mining in 74 per cent of the
collieries in Great Britain.

Full Caving vs. Strip Packing or Filling (see Volume 2, Part A, Chapter 2)

The “full caving” system is more economical of labor since packwalls are not
used in the areas between roadways. However, packwalls for support of roof over
roadways are needed with the “full caving” as well as with the strip packing or
filling methods.

With the “full caving” system the span of the “pressure arch™* is greater and
therefore the maximum “front abutment” pressure is greater than when strip
packing or filling is used. Figure 28 shows comparisons of abutment pressures for
(a) newly opened face; (b) an advancing face being caved; (c) an advancing face
with strip packing behind it.

The more tightly packed and incompressible the rock packs the more will the
front abutment pressure be reduced toward the values shown in Fig. 28(a).

The roof will be solidly supported in the goaf and on the coal face and length
of roof span will extend from rock pack to coal face.

However, the rock packs which form the strip packing cannot be made as solid
as the original coal. Therefore the effective roof span always exceeds that of the
original development opening. Resultant abutment pressures also exceed the
pressures which existed initially at the sides of the development opening.

* See Volume 1, Part B, Chapter 6.
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The full caving system requires the least labor, but certain conditions may prevent
its use. For example, a soft floor may heave at the face under the abutment pressures
induced by full caving. A soft seam may crush excessively, or a roof may be exces-
sively fractured at the working face by abutment pressures.

If the roof deflects rather than fracturing, and acts as a cantilever beam the
immediate roof deflection allowed by full caving may be sufficient to buckle props
at the face.

With retreating long-wall systems the access roadways pass through the unmined
seam rather than through the goaf. In this case the abutment pressures on the coal
seam adjacent to a roadway may cause heaving of soft roadway bottom, fracturing
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FiG. 28. (a) Abutment pressures for a newly opened face.
(b) Abutment pressures for a long-wall with full caving.
(c) Abutment pressures for a long-wall with well-made “rock packs”.

of a soft roof, or fracturing and falling of coal at the sides of a roadway. Thus a
long-wall retreating system may require strip packing in the goaf for the purpose
of reducing the abutment pressure on the seam ahead of the face.

Any type of rock packing or filling requires much labor.

In the case of an experimental retreating long-wall system with full caving!!®
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it was noted that 65 per cent of the face labor was required in connection with
roof support. Under less favorable conditions it appears quite likely that 75-80 per
cent of face labor might be required for roof control. These figures compare with
15-25 per cent of face labor for roof control in pillar mining systems of the U.S.

It was previously noted that costs of filling alone, behind long-wall faces in the
Ruhr, were approximately equal to costs of mining the coal. The filling cost did not
include the cost of support at and immediately behind the face.

The foregoing factors indicate the desirability for exhausting all possibilities of
employing a “full caving” system before employing a system requiring filling, or
packing of the goaf.

Roadway Support (see also Volume 2, Part A, Chapters 2 and 4)

With advancing long-wall mining systems the access openings (roadways) leading
to the face must pass through the mined-out area. Since all the coal has been re-
moved from this area some other filling must be provided to prevent the roof from
subsiding onto the floor and closing the opening.

Under such conditions the depth pressure or weight of overlying rock is so great
that no rigid structural support is sufficiently strong to maintain the opening.
Therefore “rock packs”, “packwalls”, are constructed alongside the roadways to
prevent complete closure of roof into floor. However, any such filling is compres-
sible and considerable subsidence takes place before the filling or packing is suf-
ficiently compressed to prevent further subsidence.

The subsidence makes it necessary that the roof be “ripped”, or the floor “dinted”
occasionally to provide enough headroom for passage of men and equipment.
“Brushing” or “ripping” consists of removing a portion of the roof, to provide
more headroom while ‘“dinting” is excavating in the floor for the same purpose.
In effect it is the cutting of a trench in the floor, or an inverted trench in the roof.

The “packwalls” may eventually stabilize a ‘““beam” of roof strata overlying the
roadway but further protection is usually required to prevent fragments of roof,
and filling from falling into the roadway. Thus some local support is needed for
the roof and sides. This support must be of a type which yields with the roof or
it will be destroyed.

Various types of support have been devised for such situations; some of which
involve steel arches or arched beams supported on yielding cribs; some involve
steel arches or beams supported on fragmented rock which is confined behind
lagging and allowed to “flow” out to allow the arch to lower with the roof. The
most successful of the yielding roadway supports are the “yielding steel arches’
which yield under excessive ground pressure by sliding together or “telescoping”
of segments. These arches possess enough strength to support the immediate roof
and sides but not enough strength to support the weight of the main roof’; therefore
they are designed to yield under the great weight of the main roof but to hold
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FI1G. 29. Types of yielding steel roadway supports.(12)

against the lighter pressures due to loose rock of the immediate roof, and side
pressures of filling.

These supports are described more fully in Volume 2, Part A, Chapter 4.
Two types of yielding roadway supports are shown in Fig. 29.
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CHAPTER 2

PILLAR MINING SYSTEMS
CONVENTIONAL (CYCLIC) MINING

MINING CYCLES

The sequence of operations in cyclic mining is as follows:

Cutting : A slot, usually horizontal and from 5 to 7 ft deep, is cut across the width
of the coal face. This is usually cut at floor level and provides the coal a free face
to which it can break when it is shot, as well as providing a plane of separation be-
tween the coal and the floor.

FiG. 1. Cutter bar and chain. (The Bowdil Company.)

Drilling : Rotary auger-type drills are commonly used for drilling shot holes.
Drills may be hand held, or may be mounted on columns, or they may be mounted
on rubber-tired drill jumbos.

Shooting : Holes may be shot with explosives, or the coal may be broken by
means of compressed air or carbon dioxide cartridges.

Loading coal: Most coal is mechanically loaded by means of crawler mounted
loaders which operate by thrusting a wide steel pan into the broken coal which is
then swept up the pan and onto a conveyor which transports the coal to the back
end of the loader and discharges it onto another conveyor, or into shuttle cars.
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From the loader the coal is transported to the main transportation system which
may be either a main conveyor belt or may consist of large rail mounted cars.

Roof support: Temporary support may be placed as soon as the coal is shot,
and before the loader approaches the face, or support may be placed over the loader
as it advances.

—-1_ i
Ne. 70
|4 T series
cutterbar

or
13in. 3%in. chain types

i6 16 * L0-| f
bowail e
and

# 40-201 for
;‘mx | in. bits

End view

Ne. 80
series
cutterbar
for

chain types
# 40-3 for
bowdil bits
and

#40-203 for
Jz- inx lin. bits

End view

S

Fi1G. 2. Cross-sections of typical cutter bars. (The Bowdil Company.)

Support may consist of props, or of props and bars, or of hydraulic props, or of
roof bolts.

Wooden roof props are still in extensive use but have been replaced to a large
extent by roof bolts.

Coal Cutters

The basic cutting unit in all modern coal cutters is the ¢jib”” around the peri-
meter of which a toothed chain travels somewhat in the manner of a chain saw.
All coal cutters employ this same cutting principle.

Short-wall Coal Cutter:

This machine is used in cutting wide headings and production places. The jib is
fixed rigidly to the body of the machine and extends through the machine body to
discharge the cuttings at the back end of the machine.

The machine maneuvers by means of two ropes one of which is used to pull the
machine along while the other is used to control the angle which the machine makes
with the face.

Usually short-wall cutters are equipped with jibs about 7 ft long and the rate at
which the machine can progress along the face while cutting is about 2 ft/min.
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F1G. 3. Cutter chain. (The Bowdil Company.)
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No. 1-19

Regular Diamond Bit BOROD TIPPED. Designed for
medium cutting conditions, they save power, produce
coarse cuttings.

No. 1-20
Heavy Diamond Bit BOROD TIPPED. Designed for
cevere cutting conditions, such as iron pyrites and rock.

No. 1-28

Regular Concave Bit BOROD TIPPED. Designed for
maximum power savings. Concave shape automatically
maintains side clearance. (Patented feature.)

No. 1-29N4
Heavy Duty Concave Bit BOROD TIPPED. Designed
for very severest service.

Fi1G. 4. Coal cutter bits. (The Bowdil Company.)



Fi1G. 5. Short-wall coal cutter. (Jeffrey Manufacturing Co.)
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Figure 6 illustrates the method of “sumping in” and cutting across a shortwall
face.

A short-wall cutter may be used to cut a number of headings during the course
of a shift. Rail mounted trucks may be used (in track mines) to transport the ma-
chine from heading to heading while a crawler-mounted or rubber-tire mounted
flitting truck may be used for this purpose in trackless mines.

FIG. 6. Cutting the face with a short-wall cutter. (Jeffrey Manufacturing Co.)

Arc-wall Cutters

As its name implies the arc-wall cutter makes a cut by sumping in and then
swinging its jib in an arc. It is most commonly used for cutting narrow places, such
as those in room and pillar work.

The arc-wall cutter is designed to make a horizontal cut on one horizon. Where
it is desirable to make cuts at various heights machines are available with the body
mounted on four hydraulic jacks.
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Arc-wall cutters may be rail mounted, mounted on crawlers, or mounted on

rubber tires.
Figure 7 illustrates the reach of a modified arc-wall cutter. This type can cut a

heading 30 ft wide.
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F1G. 7. Arc-wall cutter. (Joy Manufacturing Co.)

Universal Cutters

The machine can cut horizontally, vertically, or at any angle. The angle of the
cut is controlled by rotating the head which carries the jib while the height of the
cut is regulated in some machines by raising or lowering the body of the machine
by means of integral hydraulic jacks, and in other machines is regulated by raising
or lowering a head which pivots about a transverse horizontal axis.

Universal cutters may be track mounted, mounted on crawlers, or mounted on

pneumatic tires.



FiG. 8. Universal cutter. (Jeffrey Manufacturing Co.)
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FiG. 9. Drilling the face. (Jeffrey Manufacturing Co.)
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Fi1G. 10. Drill mounted on rubber tired jumbo. (Jeffrey Manufacturing Co.)
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CONVENTIONAL (CYCLIC) PILLAR MINING

Coal Drills

In soft coal, or in thin seams, shot holes may be drilled with hand held auger-
type rotary drills. Where the coal is hard or the seam is thick column-mounted
drills may be used.

For highly mechanized operations multiple rotary drills mounted on booms

which are mounted on a rubber tired chassis and are manipulated by hydraulic
controls are used.
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EQUALIZED BURDEN is the goal in SHORT SNUBBERS break band and roll
this drilling pattern in a center-sheared out front of fall in arc-cut center-sheared
place, thus achieving good breakage of place. Shearing and snubbing reduce the
both coal and impurity band. number of holes required and also cut

explosive requirements.
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Plan at right, for still-thicker parting, shows cutting underneath the rock
and holes immediately above.

FiG. 11. Drilling patterns.()
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Drilling and Shotfiring

Shot holes should be spaced in accordance with the thickness of the seam. In thin
seams one row of holes placed near the top of the seam and spaced a distance apart
about equal to the thickness of the seam is usually sufficient.

In seams 5 ft or more in thickness it may be necessary to use a top and a bot-
tom row of shot holes with the holes staggered in alternate rows.

Coal Loaders

Loading machines may be classified as (1) gathering-arm loaders; (2) duckbill or
shaker loaders; (3) overshot or rocker shovels; (4) slusher or scraper-loaders.
Of these only the gathering arm loaders and the duckbills have been used
extensively in American coal mining practice.
7 Rocker shovels are used extensively in metal mining work but require about
-8 ft of headroom and find application in very few coal mines.

Gathering-arm loaders

These are self propelled and may be mounted on rails, on crawlers, or on rubber
tires. The crawler-mounted loader is the most commonly used. It is made up of
three main components (a) the gathering head which is thrust into the coal and
which is fitted with two rotating arms to sweep the coal onto the conveyor: (b) a
chain conveyor which runs down the middle of the machine and carries the coal
to the rear; and (c) the crawler chassis which carries a separate motor for each
of the crawlers.

In track-mounted machines the loading head has the ability to swing 45° to either
side of the center line and the tail of the machine can swing 15-20° on either side of
the center line.

Gathering-arm loaders are available in a heights from about 30 in. up and in
capacities ranging from less than 1 ton/min up to 12-20 tons/min.

Duckbill Loaders

Shaker conveyors can be converted to self-loaders by the addition of ‘““duckbills”.
The duckbill loader consists of steel-trough sections with a shovel head at the for-
ward end and with a gripping device at the rear end which can be clamped to the
shaking conveyor so that the reciprocating motion of the shaker is imported to
the duckbill.

The shovel head or “‘duckbill” rests on the floor and is forced forward into the
loose coal and, by the nature of the shaker action coal is caused to travel up the
trough and onto the shaker conveyor.



FiG. 12. Gathering-arm loader. (Jeffrey Manufacturing Co.)
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Fi1G. 13. Joy 14-BU loader. (Joy Manufacturing Co.)
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FI1G. 14. Gathering-arm loader. (Joy Manufacturing Co.)
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Fi1G. 15. Goodman duckbill. (Goodman Mfg. Co.)
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The duckbill is anchored by a pendulum jack, about which it can be pivoted
through an arc of 30°, or 45°, on either side of the centerline of the shaker conveyor.
The duckbill requires very little headroom and is suitable for use in thin seams.

The Conveyor-loader

The Jeffrey conveyor-loader is mounted on rubber tires and is very maneuver-
able because the front wheels can be rotated through 90°. The machine has a gather-
ing head which is provided with chains and flights which scrape the coal onto a
chain conveyor which carries the coal back to discharge it at the rear of the machine.

The method of operation is as follows: Coal is cut and shot and the conveyor-
loader is flitted to the face and maneuvered so that the gathering head is at the
broken coal while the rear end is situated so that it will discharge onto the room con-
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FiG. 16. Conveyor-loader. (Jeffrey Manufacturing Co.)

veyor. An hydraulic roof jack at the rear of the machine is dropped and tightened
between floor and roof to provide an anchorage point about which the machine
may pivot. The retractable rear wheels are then raised clear of the floor and the
front wheels are rotated through 90° so that the front end of the loader can travel
in an arc across the heading. The gathering head is then lowered and extended
into the coal pile to start loading.

The machine has an overall height of 24 in. which makes it suitable for use in
seams as low as 36 in. and has a rated capacity of l—;- tons/min with an average
loading rate of % tons/min including clean-up.
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METHODS AND EQUIPMENT USED IN DEVELOPMENT WORK

A number of mines were studied by personnel of the U.S. Bureau of Mines to
determine what methods and equipment were used in underground development
(U.S. Bur. Mines I.C. 7813, 1957). Following are the descriptions of the methods
and equipment used in development work at two of these mines and in addition
there are shown diagrams of development methods used at additional mines.

Mobile Loading onto Chain Conveyors (Mine 1)

This mine is operated in the No. 3 Elkhorn bed, which averages 35 in. thick in
this area. The bed is flat lying, with some local dips. The coal is underlain by fire
clay and overlain by a sandy shale that usually provides good roof. The over-
burden averages 315 ft thick and consists mainly of strata of shales and sandstones.
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F1G. 17. Geologic section and method of development at Mine 1 — Mobile loading onto chain
conveyors.
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The mine was operated two shifts a day and produced an average of 1070 tons
of raw coal (1049 tons of clean coal), using the following units:

Two mobile-loading piggyback to chain-conveyor units developing panel en-
tries; nine men each.
One mobile-loading piggyback to chain-conveyor unit mining rooms; nine men.
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A detailed study was made of one entry development unit only. Entries 30 ft
wide were driven in sets of four on 52- and 68-ft centers, with cross cuts 20 ft
wide on 68-ft centers. Entries were developed by a unit consisting of nine men,
one mobile-loading machine, two piggyback conveyors, two short-wall cutting
machines, two chain conveyors (in entries), one mother chain conveyor, one elevat-
ing conveyor, two hand-held electric drills, one roof-bolting machine, one supply
truck, and one car hoist.

Operating Cycle

The cycle of operation was: timber, drill and cut, extend conveyor, blast and load
coal. Power to operate the mining equipment was furnished at 250 V d.c.

Entries were advanced in pairs, with a 38-ft coal pillar between each pair. The
first pair (entries 1 and 2) were advanced 340 ft. Equipment was then moved out and
set up in entries 3 and 4. While these entries were being advanced, the bottom was
brushed, the main-line track was extended in number 1 and 2 entries, and a new
loading station was established 320 ft ahead of the old station. When the entries
3 and 4 were advanced 340 ft, the equipment was moved back through the last
open cross cut to entries 1 and 2.

Roof Support

The roof was supported by three rows of props on each side of the chain conveyor,
spaced 4 and 5 ft apart. When the roof required it, %-in. expansion-shell type bolts
2 ft long were installed on 5-ft centers. The roof bolts were provided with 6 X 6 X%
in. steel bearing plates.

Cutting and Drilling

Five equally spaced holes 9 ft deep were drilled at a distance of 1 ft below the
roof. The coal was bottom-cut and the conveyor was extended. Each hole was charged
with four sticks of permissible explosives and blasted individually.

Loading and Haulage

Broken coal was loaded by a mobile-loading machine onto a piggyback conveyor
which transferred it to a chain conveyor which discharged coal into 2;-ton capacity
steel, bottom-dump mine cars. Loaded cars were transported to the surface by a
15-ton trolley locomotive.

Rock dusting was done by hand on shift and by machine on week-ends, when
required.
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Crew Required

A unit crew consisted of the following men:

Section foreman

Loading-machine operator
Loading-machine operator’s helper
Cutting-machine operator
Cutting-machine operator’s helper
Conveyor man

Timberman

Utility or supply man

Boom man

el e

Total

o

A unit crew produced an average of 150 tons of raw coal per shift, or 16.7 tons
per man-shift. The average advance in each entry in a development group is 10 ft
per shift, or a total of 20 ft for the group.

Mobile Loading into Shuttle Cars (Mine 8; Fig. 18)

This mine is operated in the Coalburg bed, which is 73 in. thick in the area.
A shale parting 6-in. thick occurs 12-18 in. from the bottom of the coal bed. Only
the coal above this parting (about 55 in.) was mined. The roof generally was firm
sandstone, but in parts of the mine the immediate roof was shale. The overburden
consisted of shales and sandstones and averaged 200 ft in thickness.

The mine was operated two shifts per day and produced an average of 1541 tons
of raw coal (1376 tons of clean coal), using the following units:

One mobile-loading unit with shuttle cars, developing main entries; twelve face-

men.

One conveyor mobile-loading unit with piggyback, developing panel entries and

mining rooms; six facemen.

Equipment

Main entries 20 ft wide were driven in sets of six on 50-ft centers, with cross cuts
20 ft wide on 75 ft centers. These entries were developed by a unit consisting of
twelve men, two mobile loading machines, two short-wall cutting machines with
caterpillar trucks, three shuttle cars, two hand-held coal drills, and a 30-in. belt
conveyor. Power to operate equipment is furnished at 250 V d.c.
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Operating Cycle

The cycle of operation was: Timber, drill, cut, blast, and load coal.

Drilling and Blasting

Six holes, each 7 ft long, were drilled in the coal. Three holes were drilled 1 ft
below the roof, and three others were drilled 2 ft below the roof, with the lower
holes being staggered between those in the upper group.

After drilling the entries were bottom cut and the drill holes were charged
with four sticks of permissible explosive in each hole. Holes were then blasted in-
dividually.

Roof Support

Props were used to support the roof where it was sandstone. However where
it was shale more timbering was required and 3 in. X 8 in. X 16 ft long wood crossbars
were set on wood posts for roof support.

Loading and Haulage

The coal was loaded by mobile-loaders into shuttle cars and transported to the
30-in. belt conveyor in the No. 3 entry for transportation to the surface.
Rock dusting was done on shift by hand casting and offshift by machines.

Crew Required

A unit crew consisted of the following men:

Section foreman 1
Loading-machine operators 2
Loading-machine operators’ helpers 2
Cutting-machine operators 2
Cutting-machine operators’ helpers 2
Shuttle-car operators 3

Total 12

A unit crew produced an average of 509 tons of raw coal per shift or an average
of 42.5 tons/man-shift. The average advance in each entry in a development group
was 18.2 ft/shift, a total of 108.6 ft for the group.
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Mobile Loading into Shuttle Cars (Mine 11; Fig. 19)

This mine was operated in the flat-lying Pittsburgh bed, which averages 85 in.
in thickness in the area. The overburden averaged 530 ft in thickness and consisted
mainly of shales and sandstones. The equipment used by each development unit
is shown in Fig. 19.

The cycle of operation was: Roof bolt, cut and drill, blast, and load coal.

A unit development crew, consisting of thirteen men, produced an average of
393 tons of raw coal per shift, or 26.4 tons/man-shift. The average advance in each
entry in a development group is 13.2 ft/shift, a total of 65.9 ft for the group.

Track-mounted Loading into Mine Cars (Mine 9; Fig. 20)

This mine was operated in the Upper Kittanning (C’) bed, which averaged 59 in.
in thickness in this area. The dip of the bed averages from 1° to 3°. The bed is
overlain by an average thickness of 284 ft of overburden which consists mainly of
sandstones and shales.

The equipment used by each development unit is shown in Fig. 20.

The cycle of operations was: Brush roof and bolt and timber the center entry;
timber the other four entries, extend track, drill and cut, blast, rockdust, and load
coal.

A unit development crew, consisting of 10% men, produced an average of 134 tons
of raw coal per shift, or 9.7 tons/man-shift. The average advance in each entry in
a development group is 6.1 ft/shift, a total of 30.4 ft for the group.

Hand Loading onto Chain Conveyors (Mine 3; Fig. 21)

This mine was operated in the Pocahontas No. 3 coal bed which averages 40 in.
thick in this area. The bed is flat lying with few minor rolls or disturbances. The
overburden averages 435 ft in thickness and consists of shales and sandstones.

The equipment used by a development unit is indicated in Fig. 21.

The cycle of operations was: Cut, drill, blast, load coal, extend chain conveyor,
and timber. Some of these operations were carried on simultaneously.

The coal was hand-loaded into chain conveyors.

A unit development crew, consisting of 12% men, produced an average of 156
tons of raw coal per shift, or 12.5 tons/man-shift. The average advance in each
entry in a development group is 5.5 ft/shift, a total of 33 ft for the group.

METHODS AND EQUIPMENT USED IN ROOM MINING

The following examples are taken from a study made by the U.S. Bureau of
Mines (U.S. Bureau of Mines, Information Circular 7978).
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Mobile Loading into Shuttle-cars (Mine 7; Fig. 22)

This mine is operated in the Pittsburgh No. 8 bed which averages 62 in. thick
in this area. The overburden consists principally of shales and limestones and
averages 200 ft thick.

Rooms are driven 242 ft deep with cross cuts 15 ft wide on 80 ft centers, and
were staggered. Rooms were mined in groups of seven alternately from one side
to the other. A pillar 35 ft wide was left unmined between each group of rooms.

A room mining unit consisted of nine men, one short-wall cutting machine with
truck, two post-mounted drills, three blowdown valves, one firing shell (compressed
air), one loading machine, one roof-bolting machine, and two shuttle cars (one being
a reserve). Power to operate the machinery was furnished at 275 V d.c. Rock
dusting was done by hand on shift.

Roof Support

The draw slate was taken down, and the top coal was bolted. Roof bolts were
recovered as rooms were completed.

Cutting and Drilling

Eight blast holes, each 2% in. in diameter and 9 ft deep, were drilled in the face
of a room. Two holes were drilled 1 ft above the bottom, one on each rib; one hole
in the center about 30 in. above the bottom, two holes, one on each rib, below the
draw slate; and three holes approximately on the centerline of the draw slate, one
near each rib, and one midway between ribs. The coal was undercut and blasted
one hole at a time with a compressed air shell (8000-10,000 psi).

Loading and Haulage

The broken coal was loaded by a mobile loader into shuttle cars which transferred
it to 6-ton capacity steel mine cars for haulage to the rotary dump at the slope
bottom.

Crew Productivity

A unit crew, consisting of nine men, produced 200 tons of raw coal per shift
which yielded 164 tons of clean coal. This was 22.2. tons of raw coal or 18.2 tons
of clean coal for each man in the unit crew.

The average advance of each room or cross cut was 7.9 ft/shift or 55.3 ft for
seven rooms.
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Productive Time

Face haulage delays averaged 20 min due to mechanical difficulties with the
shuttle car. Production delays (23 min) were caused by mechanical failure of the
loading machine. Other delays included 20 min for timbering, and 51 min waiting
on empties.

Travel time required 60 min, and lunch time was staggered, leaving 420 min for
actual time at the face.

Total face delays were 114 min, leaving 306 min for productive time at the face
per shift.

Mobile Loading onto Chain Conveyors (Mine 3; Fig. 23)

This mine is operated in the Cedar Grove bed which ranges from 36 to 56 in.
thick in the area. The overburden consists of shales, sandstones, and several coal-
beds and ranges up to 772 ft in thickness.

Rooms were driven in pairs 250 ft deep, and 40 ft wide on 50-ft centers with
cross cuts 16 ft wide on 50-ft centers.

A room-mining unit consisted of nine men, one loading machine, two short-wall
cutting machines; two hand-held electric drills; two chain conveyors, each 300 ft
long; a 30-in. belt 2000 ft long, and a car hoist serving two units.

Power to operate the equipment was furnished at 250 V d.c. Rock dusting was
done by hand on shift and by machine on the third shift.

Operating Cycle

The cycle of operation was: Timber, rock dust, drill, cut, pan up, blast, and load
coal.

Roof Support

Rooms were timbered with posts set on 4-ft centers in four rows 8 and 10 ft
from the left rib to the chain conveyor, and 8 and 10 ft from the right rib to the
chain conveyor. Cross cuts were timbered with two rows of posts, each row 3 ft
from the ribs and with posts on 4-ft centers. Wood crossbars 6 in. by 8 in. by 16 ft
‘ong on 4 ft centers were set when required.

Cutting and Drilling

The face was bottom-cut and drilled with eight holes about 8 ft deep. These
holes were placed about 8 in. below the roof and 2% ft from either rib on 5-ft
centers. Each hole was charged with two to three sticks of permissible powder and
detonated simultaneously.
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Loading and Haulage

Broken coal was loaded by mobile loading machine onto a chain conveyor which
discharged coal to a 30-in. belt which carried it to 3-ton steel bottom-dump mine
cars.

Crew Productivity

A nine man unit room crew produced an average of 172 tons of raw coal per
shift which yielded 150 tons of clean coal. This is 19.1 tons of raw coal or 16.7
tons of clean coal for each man in the unit crew.

The average advance of each room or cross cut was 11.5 ft/shift or 23 ft of advance
for two rooms.
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Productive Time

Travel time required 36 min and lunch time took 30 min leaving a maximum of
414 min available for work at the face. Face delays amounted to 174 min, leaving
240 min of actual productive time per shift.

PILLAR EXTRACTION WITH CONVENTIONAL EQUIPMENT

The two general methods commonly used in extracting pillars are: (1) The
pocket-and-fender method, and (2) the open-end method.
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Fic. 26. Support methods used in conjunction with the pocket-and-fender method of pillar
extraction at Mine 59.()
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Pocket-and-fender Method

A series of cuts are taken into the pillar on the side away from the goaf and thin
“fenders” of coal are left between the mining machine and the goaf for the support
of the roof and protection of the crew from caving roof in the goaf.

This method is in widespread use but various amounts of coal are lost in these
thin fenders or stumps which are left between the pockets or lifts and the gob area.
This method does not provide as satisfactory a percentage of recovery as the open-
end method but there are many mines where the latter system cannot be used

because of adverse roof conditions.
Figure 24 shows a pocket-and-fender method used for the extraction of pillars

in a mine in the upper Freeport bed which averages about 63 in. thick, and is

covered with about 200 ft of overburden.®
The sequence of cuts is indicated by the numbers. The large triangular stumps

are blasted, and the roof over the mined area crushes the small fenders, breaks the
props, and caves.

Open-end Method

A series of slices are taken off the pillar on the side adjacent to the gob area.
This method gives the highest percentage of coal recovery but in many cases it
cannot be used because the roof is not good enough, and working conditions

become hazardous.
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Figure 25 illustrates the open-end method for pillar recovery as used for extrac-
tion of pillars in a mine in the Elkhorn No. 3 bed which averages 45 in. thick and
varies from 30 to 60 in. thick. Cover over this bed ranges from a few feet to 1000 ft
under the mountain tops.®

Roof Support During Pillar Extraction

In addition to the fenders or stumps which are left to prevent premature caving
of the roof and to prevent caved rock from the gob area from entering the working
places additional roof support in the form of roof bolts, props, timber, cribs, or
hydraulic props will probably be required.
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Figures 26-28 illustrate support methods used in conjunction with pillar extrac-
tion by the pocket-and-fender method.
Figure 29 illustrates a timbering method used in one mine where pillars are

extracted by open-end methods.
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CHAPTER 3

PILLAR MINING SYSTEMS
CONTINUOUS (NON-CYCLIC) MINING

CONTINUOUS MINING MACHINES

Continuous mining machines cut or rip the coal from the seam and load it onto
conveyors, or onto shuttle cars, for transportation to the main haulage system.
In continuous mining the cutting, drilling, and shooting cycles required in conven-
tional mining are thus eliminated.

Continuous mining machines may be divided into two broad classes; that is the
“rippers” and the “borers”.

Ripping Machines

These are characterized by a series of parallel disks or chains which are equipped
with coal cutting picks. These disks or chains rotate about an axis which is parallel
to the face and the picks rip the coal from the face.

Boring Machines

These are equipped with cylindrical cutting heads with cutting picks set on the
edges of the cylinders. These are advanced into the coal and cut a series of concen-
tric annular grooves.

Most types of ripper machines are articulated, that is the head of the machine
can swing to the left or right, within a limited angle, and these machines are there-
fore somewhat more flexible in operation than are the boring machines.

Joy Continuous Miner

There are various models of Joy continuous miners to suit different seam
conditions. One of the recent models (6CM) is shown in Fig. 2. The machine
consists of a cutter head or ripper head, a main chassis, and a loading unit. The
ripper head is fitted with five multi-pick chains and is driven by 100 hp electric
motors. A single disk containing cutter picks is fitted on either side of the ripper
bar. The 6CM is fitted with a 7-ft ripper bar and can cut up to a height of 10 ft.

109



F1G. 1. Continuous mining machines: (a) ripping machine; (b) boring machine. (Joy Mfg. Company).
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The ripper jib can be swung on either side and is attached to the main chassis,
which is mounted on two tracks powered by two separate motors.

Cut coal is delivered to the conveyor by the ripper head and also by two gather-
ing arms which are fitted on either side of the conveyor. The rear conveyor can be
swung 45° to either side of the machine.

FIG. 2. Ripper-type continuous miner. (Joy Mfg. Company.)

Method of Operation

The machine, with its head in the retracted position, is moved forward on its
crawlers until the cutting bits are just touching the face in the center of the room.
The head is then swung to its limit to the right and lowered until the bits are about
to touch the floor. It is then, with the cutting chains running, advanced 24 in. into
the coal and is gradually raised vertically, taking out the coal above as it rises, until
the desired roof line in the coal is reached (maximum 10 ft). The head is then



Fi1G. 3. Joy 6CM continuous miner at the face. (Joy Mfg. Company.)
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retracted, taking out any loose coal left below roof level. Thus a block of coal,
42 in. wide and 24 in. deep, is removed from the seam.

The head is again lowered, swung about 3 ft to the left and again sumped forward
24 in. in the seam, and this operation is repeated across the whole width of the
room.

Lee-Norse Miner

The Lee-Norse miner rips coal from the seam by means of a cutter head which
consists of four rotating disks which are equipped with standard cutter picks.
The arms holding the cutter head are caused to oscillate by means of motor-driven
eccentrics.

The Lee-Norse miner is mounted on crawlers and cuts a width of 8% ft. The
cutter-head does not swing sideways therefore it cuts on a straight line until it
has advanced to the end of a cut. It then moves back on its crawlers and maneuvers
into position for the next cut.

Method of Operation

The machine advances on its crawlers with the cutting head operating and sumps
into the coal at the top of the seam. The coal is ripped downwards and is collected
by gathering arms and delivered into the single-chain conveyor and discharged at
the rear of the machine.

Characteristics

The Lee-Norse miner is a relatively simple low-cost machine which has a high
productive capacity and the larger models of machines have produced an average
in excess of 800 tons of raw material per shift.

Where mining conditions are severe, bit costs may be as much as 10 cents per
ton but costs on the order of 3-5 cents/ton are more common.

Maintenance labor runs generally from 10-15 cents/ton and parts from 10 to
20 cents/ton.

Goodman Continuous Miner

The cutting head of this machine consists of two large cutting arms rotating in
opposite directions, and a trimming chain. All these are fitted with cutting picks.
Each large arm is equipped with a double core barrel, two short arms, and two
long hinged arms which lock in the extended positions. Wedge-shaped cutter bars
at the top and bottom of the chain break off that section of the face which is not
accessible either to rotating arms or the cutting chain.



FI1G. 4. Lee-Norse CM68 continuous miner. (Lee-Norse Company.)
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The actual section cut by the machine may be varied up to 75 ft high and 131 ft
wide. The machine moves on crawler tracks. A high speed chain conveyor collects
the coal in front and carries it through the machine. The discharge height can be
altered as desired.

The tail conveyor can be swung 40° in either direction.

Method of Operation

The machine moves up to the face on its crawlers. The rotating units, geared
together and equipped with bit-filled cutting arms, and a center core barrel, cut
and break out the coal.

Dimensions and specifications « Types 427, 428, 429

\ \ HYDRAULIC *50 h.p. PUMP *250 h.p. CUTTING P v
\ PUMP UNIT DRIVE MOTOR MOTOR Lo —
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[l bl 3 |
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250 h.p. CUTTING LV B
*Drawing illustrates motor arrangement for Type 429. MOTOR 8
. . ) . dgre—ra
Type 427 has one cutting motor only (250 hp) on left-hand side of machine
and one hydraulic drive motor (50 hp) on right-hand side.
Type 428 has two motors (250 hp. ea.), one on each side of machine. A
power take-off from the left-hand motor drives the hydraulic pumps.
——— CONTACTOR CASE CONVEYOR ELEVATING TILTING JACKS MINIMUM
& — CYLINDER TRAMMING
HEIGHT
8ft-0in -
A
‘ iling
I 37 %in. — B 1‘}m.
27 Yiini. I MIN.
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Ll | LD == ok ——
1.2
8f1-Sin- 52ins B8 in e o] \4,;—
28 ft-tin-
Rotor speed: 15 rpm. Conveyor chain speed: 320 ft/min
Tractor speed: Weight: 427—91,000 Ib
cutting 0 to 6% ft/min 428—94,500 Ib
. tramming  up to 26 ft/min 429—99,000 Ib

FiG. 5. Goodman borer continuous miner. (Goodman Mfg. Company.)



F1G. 6. Goodman Type 429 borer continuous miner. (Goodman Mfg. Company.)
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FIG. 7. Joy twin borer continuous miner. (Joy Mfg. Company.)
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As the machine bores ahead, the trimming chain cuts free, at the top and bottom,
the center wedges of coal not reached by the rotating arms. The chain also widens
the path at the bottom on each side, and can be arranged for cutting a wider than
normal top to allow for cross barring.

Coal taken from the face drops to the bottom, is pushed to the center and up
the throat of the conveyor, by plows on the rotating arms. The discharge conveyor
can be swung 40° to either side, a big advantage when turning cross cuts or pulling
pillars.

Joy Twin Borer Continuous Miner

The Joy twin borer uses the boring principle to cut a full face at a maximum
tate of 8 tons a minute. The machine is crawler mounted and has two sets of bor-
ing arms and two sets of trim chains, one of which cuts an arched shape for tool
control. The miner’s full face cut varies from 5 ft 11 in. to 7 ft 11 in. high and
11 ft 8 in. to 12 ft 8 in wide. It trams while boring at up to 4.5 ft/min; trams
from mine openings at up to 28.5 ft/min. All cutting surfaces retract hydraulically
for roof and wall clearance.

FiG. 9. Entry driven by Joy twin borer. (Joy Mfg. Company.)

Boring-arm diameters can be changed in 4-in. increments from 6 to 7 ft by using
arms of different lengths, and raising or lowering the main transmission 2 in.
for each change. Additional heights up to 12 in. are cut with the upper trim chain,
which is quickly raised hydraulically to any desired position.

Boring arms are equipped with internally mounted hydraulic cylinders which
can retract each arm 12 in. overall. The center section of each arm and the cylin-
ders remain the same, regardless of diameter bored. The boring arm assembly is
driven by an 8-in. diameter, alloy steel output shaft from the main boring arm
transmission.
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Jeffrey Colmol

The Jeffrey Colmol is a full face machine, and is available in different models
to mine seams from 38 in. to 60 in. thick. The mining width varies from 9 ft 9 in.
to 10 ft 1 in.

The Colmol is a pure rotary-head machine since it relies solely on the action of
its rotors for breaking the coal. It has two heads of rotors, a top head of eight or
ten single-ended rotary breaker arms and a bottom head of five of varying design.

Each breaker-arm has a central pilot tool which bores a hole ahead of the rotat-
ing arms. The core breakers on the arms break off the coal which is left protruding
by the action of the bits. These arms are so arranged that they overlap to cover the
entire area within the width and height of their outer reach.

The arms rotate at relatively slow speeds (less than 60 rpm) and this slow-speed
operation tends to reduce degradation and to produce the larger sizes of coal.

The arms on one side of the machine rotate in one direction while the arms on
the other rotate in the opposite direction. This opposed rotation prevents the
machine from drifting and also sweeps the coal toward the center where it is picked
up by the conveyor.

The machine has a rate of penetration of 0-36 in. per min, a tramming speed of
20 ft/min, and weighs approximately 52,000 1b.

Jeffrey 100-L Continuous Miner

The Jeffrey 100-L is equipped with twin augers which have cutting bits set
around the edges of the scrolls. Cutting augers are available in 20, 24 and 28 in.
diameters to give maximum mining heights of 30, 34 and 41 in. respectively. The
effective cutting length is 5 ft. The machine has three principal sections: (1) the
head, which utilizes the twin augers for the mining operation; (2) the central part,
which contains the drive motor; and (3) the conveyor section, which delivers the
mined coal onto the room conveyors.

Method of Operation

The machine is maneuvered by ropes in the manner of a short-wall cutter. In
operation the machine is positioned at one side of the heading with both augers at
floor level. The ribside auger is raised and the machine is sumped into the face.
The ribside auger is then lowered and the other auger raised and the machine is
hauled across the face by rope in the manner of a short-wall cutter.

A gathering conveyor, consisting of a single strand chain with cast-steel flights,
gathers the loose coal from between the augers and delivers it to the rear of the
machine where it is discharged onto a bridge conveyor.

Hydraulically operated gathering plows on both sides of the machine help to
move and retain the mined coal within pick-up limits of the augers.



Fic. 10. Jeffrey Colmol continuous miner. (JeffreyM fg. Company.)
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Fic. 11. Jeffrey 100-L continuous miner. (Jeffrey Mfg. Company.)
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FiG. 12. Room mining with Wilcox miner —rapid opening-out system.
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The machine weighs approximately 19,000 1b.

Although this machine does not have the capacity of other types of continuous
miners it is simple and comparatively cheap and can mine wide faces.

The Crawley—Wilcox continuous miner is very similar in construction to the
Jeffrey 100-L and the methods of operation are similar. Figure 12 illustrates a
method of applying these machines.

Auger Mining

The Cardox-Hardsocg auger is equipped with a cutting head 3 ft long and 24 in.
in diameter. A number of picks are fitted to the periphery of the cutting head. These
cut an annular ring of coal which is broken up by a center bit and is then conveyed
by archimedian screw sections to the mouth of the hole.

This machine is equipped with a 25 h.p. electric motor and can bore holes up
to 80 ft deep at a rate of 2.7 ft/min.

An auger built for the Oliver Springs, Tennessee, mine of the Wind Rock and
Coal Company by the Salem Tool Company bores 34-in. holes to depths of 100 ft.(*)
The machine has separate power and drilling units. The power unit weighs 8% tons
and is equipped with two 50 h.p. motors, hydraulic pumps and a 250 gal. tank of
hydraulic oil. Hydraulic power is transmitted to the drilling unit through 50 ft
hoses. The power unit is self-moving on two hydraulic skids.

The drilling unit weighs 9% tons. It is self moving on two skids and when it is
positioned for drilling it is secured in place by two roof jacks at the rear of the
unit. Rotational speed of the auger may be varied from 0 to 37 rpm but the best
results are obtained when the head turns at the maximum speed. Auger sections are
S ft long.

Two men are needed to operate the auger while a third drives a shuttle car be-
tween the auger surge car and the loading ramp. As the cutting head advances
auger sections are pulled from the previously drilled hole and added in the new
hole.

When operating in clean coal the auger takes an average of 1 hr to drill a 100-ft
hole. It takes an average of 20 sec to pull back the carriage and be ready to add a
new auger section. The new auger section is added in 15 sec. Each 100-ft hole
yields about 23 tons of coal. Six inches of coal is left between adjacent holes. This
gives a theoretical recovery of 50 per cent of the coal.

Auger Mining in Great Britain®

A Cardox-Hardsocg auger was installed in the High Main Seam (4 ft 3 in. thick)
at Hucknall Colliery. After some modification the machine worked on a production
basis of eleven shifts per week yielding an output per man-shift of 12 tons.



FIG. 13. Coal auger operating underground. (Salem Tool Company.)
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F1G. 13 (a). Non-rotating-type cutting barrel for a coal auger. (Salem Tool Company.)
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Fi1G. 13 (b). Rotating-type cutting barrel for a coal auger. (Salem Tool Company.)
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A Joy AD2 auger at Merry Lees Colliery in the East Midlands Division was
successfully operated. In this case pillars of coal were formed by driving headings
15 ft wide and 60 ft apart to enable the auger to drill from one roadway into another
parallel heading. With holes on 64-in. centers, this gave a 50 per cent extraction.
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F1G. 14. Mine layout for augering.()

The auger cannot be used for a full production face but is useful in the following
cases:

(1) Extraction of good quality coal from thin seams.

(2) The partial extraction of pillars in mines which are to be abandoned.

(3) The partial extraction of seams where subsidence cannot be tolerated.

Ventilation difficulties have retarded the use of augers in British mines.

The Collins Miner(®

The Collins miner, which was developed in Great Britain, is essentially a remote
controlled ““down the hole” boring machine which is thrust into the exposed rib-
side of a seam in which it bores a slot-shaped hole the thickness of the seam and
about 300 ft long.

This operation is controlled entirely from the entrance of the hole since the
cutting head embodying the boring unit carries with it an automatically extending
belt conveyor, ventilation ducting, and cables.
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The method of working is to divide the area into rectangular panels by means
of roadways which are partially dinted so that the exposed coal ribs are well above
roadway floor level. The Collins miner is then used to extract coal from a series
of parallel holes at right angles to the roadway.

The equipment comprising the miner is largely contained in a train of nine rail-
mounted bogies sited in the central roadway from which the boreholes are to be
driven.

The cutting unit which enters the borehole consists essentially of a three-headed
auger feeding a short conveyor passing through the center of the machine and load-
ing onto the belt extending from the back of the cutting unit to the roadway.

The cutting unit is thrust into the coal seam by means of sectional push rods,
and the main functions of the launching platform are to provide thrust to the push
rods and to turn the conveyor belt through a right angle.

The control of the miner is entirely in the hands of one man who sits in the control
cab and receives the information necessary for control from a series of indicating
and recording instruments.

METHODS AND EQUIPMENT USED IN DEVELOPMENT WORK

A number of mines were studied by personnel of the U.S. Bureau of Mines to
determine what methods and equipment were used in underground development
(U.S. Bureau Mines I.C. 7813, 1957), and how continuous mining machines were
employed (U.S. Bureau Mines I.C. 7696, 1954).

Following are the descriptions of methods and equipment used at some typical
mines as well as diagrams showing the development patterns used.

Boring-type Mining Machine (Mine 7; Figures 15 and 16)

This mine is operated in the Sewell coal bed, which averages 44 in. thick in this
area. The bed is flat lying but some rolls and faults are encountered in mining. The
overburden averages 436 ft in thickness and consists mainly of shales and sand-
stones.

One of the continuous mining units on entry development was studied in detail.®
Main entries 27 ft wide were driven in sets of nine on 60-ft centers, with cross cuts
18 ft wide on 75-ft centers (Fig. 15). These entries were developed by a unit consist-
ing of nine men, one boring-type continuous mining machine, one mobile loading
machine, one piggyback conveyor, two chain conveyors, and a 30-in. belt conveyor.
Power to operate the equipment was supplied at 440 V a.c.
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Operating Procedures

Entries were advanced with a continuous mining machine by making three
successive cuts, each 9 ft wide and 42 ft long (Fig. 16). Cross cuts were advanced
in a similar manner with two 9-ft cuts.

I
|
:Cut 3flcut 2 (cCut 1

%_"‘l
o
S
@

Intake air
—_———

42f4

35ft

TITIT
LEHTEEE

A

Continuous-mining machine

Loading machine

42ft

Piggyback conveyor —
Bey y Chain

_~~ conveyor

FiG. 16. Sequence of cuts at Mine 7.(2)

Loading and Haulage

Coal mined with the continuous mining machine was deposited on the floor.
The coal was reloaded by the mobile-loading machine and transported by the piggy-
back conveyor, two chain conveyors, the 30-in. belt conveyor, and the 36-in. main-
haulage belt conveyor, to the preparation plant on the surface.

Roof Support

The roof was supported with wood props set on 5-ft centers.
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Crew Required

A unit crew consisted of the following men:

Section foreman 1
Continuous mining machine operator
Continuous mining machine operator’s

helper 1
Loading machine operator 1
Loading machine operator’s helper 1
Supply man 1
Mechanic 1

7

Total

A unit crew produced an average of 299 tons of raw coal per shift, or 42.8 tons
per man-shift. The average advance in each entry of a development group was
6.1 ft/shift, or a total of 54.5 ft for the group.

Boring-type Mining Machine (Mine 16; Fig. 17)

This mine is operated in the Lower Kittanning Coal Bed which is from 48 to
59 in. thick in this area (42-53 in. mined). The overburden averages about 100 ft
thick.

Operating Procedures

Panel entries were developed with a boring-type continuous mining machine as
shown in Fig. 17. Entries were driven 18 ft wide by making alternate cuts 9% and
8% ft wide. Cross cuts were turned 45° from the center entry and driven 9;— ft wide
on 75-ft centers.

Loading and Haulage

Two shuttle cars transported the coal from the continuous mining machine to an
elevating conveyor, which discharged onto a 26-in. belt. The coal was conveyed by
the 26-in. belt to a 30-in. main belt, which transported the coal to the tipple.

Roof Support

All entries were roof bolted on 5-ft centers with %-in. bolts, 36 in. long set against
6><6><% in. steel plates. The average advance of the mining machine in an 18-ft
entry was 40 ft per shift.
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Equipment Required

A unit crew was equipped with one boring-type continuous mining machine,
two shuttle cars, one elevating conveyor, one 26-in. belt, one portable roof-bolting
machine.
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FiG. 17. Main entry development with boring-type continuous
miner —shuttle car haulage to conveyor (Mine 16).(3)

Crew Required

The crew consisted of eight men. The average production of raw coal per unit
crew per shift on development was 101 tons giving an average production per man
on a unit crew of 12.6 tons.

Boring-type Mining Machine (Mine 18; Figures 18 and 19)

This mine is operated in the Sewickley Bed in West Virginia which has a thick-
ness averaging 72 in. in this area. The average thickness of overburden is 320 ft.
The mine uses a block mining system with pillars being extracted.
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Operating Procedures

A boring-type mining machine was used for all development work. The plan for
development is shown in Fig. 18. Entries and cross cuts were driven 19 ft wide
by making alternate cuts 9% ft wide, as shown by the sequence of cuts in Fig. 19.
The sequence of advance of each heading is indicated by letters in Fig. 18.

Loading and Haulage

The continuous mining machine deposited the coal on the floor which provided
adequate surge capacity, and allowed the continuous mining machine to operate
with a minimum of shuttle car haulage delays. The mobile-loading machine re-
loaded the coal into 6-ton capacity shuttle cars which transported it to the unload-
ing station where it was discharged into 5-ton steel mine cars.

Roof Support

Steel timber jacks, set on 4-ft centers, with 3- by 5- by 23-in. wood cap pieces,
were used for safety posts to protect men and equipment. These timber jacks were
reset near the opposite rib for each alternate cut (see Fig. 19). Permanent timbering
generally was not required for roof support.

Equipment Required

A unit crew was equipped with one continuous mining machine, one mobile-
loading machine, and three cable-reel shuttle cars.

Crew Required

A continuous mining crew consisted of eight men as follows:

Section foreman

Continuous mining machine operator
Loading-machine operator
Shuttle-car operators

Timbermen

00 | N W = =

Total

The average production per unit per shift was 565 tons. This gave an average
production per man-shift of 70.6 tons for each man on a development unit crew.
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Full-dimension Mining

A full-dimension system is a haulage system which provides an uninterrupted
flow of coal from a loader or continuous miner at the face to the main line trans-
portation system. The equipment required for this system consists of a series of
interconnected conveyors which are mobile and articulated and which will retract
or extend a sufficient distance for the development of a five-entry system.

Such a system with its components is shown in Fig. 20.

Continuous miner

. Loading machine
Mobile bridge carrier

o=

7 7

Piggyback

Y

é Mobile
B chain conveyor O Developing enfries

FiG. 20. Method of developing a five-entry panel.

Numbers indicate the sequence of mining (The Long Company.)

METHODS AND EQUIPMENT USED IN ROOM MINING

Following are the descriptions of room mining methods and equipment used
in conjunction with continuous mining machines at some typical mines studied by
personnel of the U.S. Bureau of Mines and reported in 1.C. 7696.

Ripper-type Mining Machine (Mine 20; Fig. 22)

This mine is operated in the Pittsburgh No. 8 Bed in West Virginia which has
an average thickness of 62 in. in this area (58 in. mined). The average thickness of
overburden is 600 ft. Mining was by room-and-pillar system with pillars not ex-
tracted. Total recovery of coal was about 60 per cent.



FiG. 21. Continuous mining system. (Joy Mfg. Company.)
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Operating Procedure

Rooms were turned on 25-ft centers at 60° from the butt entries and driven 16 ft
wide and 275 ft deep. Cross cuts between rooms were 16 ft wide and were turned
on 80-ft centers at an angle of 45° (see Fig. 22).

Loading and Haulage

One of the two shuttle cars was used behind the continuous mining machine as a
surge car, while the other transported coal from the surge car and discharged it
into mine cars of 1.9-ton capacity at unloading stations. The unloading stations
consisted of wooden ramps in cross cuts which had been top-brushed and roof
bolted.

Roof Support

A 50-ft pillar of coal was left between each two adjacent groups of rooms. In
mining, 4 in. of top coal were left to support the roof. Four-inch steel H-beams,
13 ft long and spaced on 3-ft centers, were set on wood posts to support the roof.
These H-beams and posts were recovered when a room was finished.

Equipment Required

Each unit crew was equipped with one continuous-mining machine and two
cable-reel shuttle cars.

Crew Required

A continuous-mining crew consisted of 7% men as follows:

Section foreman 2
Continuous mining machine operator 1
Shuttle-car operators 2
Timbermen 2
Electrician-mechanics 11
Total 716

The average daily production of raw coal per unit per shift for the continuous
mining units was 141.7 tons. This gave an average production of 19.8 tons of raw
coal per man-shift for each man in a unit.
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Ripper-type Mining Machine (Mine 10; Fig. 23)

COAL MINING METHODS

This mine is operated in the Lower Kittanning Bed in Pennsylvania. This bed
is 48 in. thick in the locality of this mine and is overlain by about 500 ft of over-
burden. A room-and-pillar system was used with pillars extracted to give an overall
recovery of about 90 per cent.

Operating Procedure

Rooms 16 ft wide were turned on 56-ft centers. As shown in Fig. 23 the two
inby rooms were mined simultaneously by making cuts 1-6 inclusive. The pillars
between these rooms were mined by extraction as shown by cuts 7-15 and Room C
was mined by making cuts 16, 17 and 18.
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Loading and Haulage

One of the two shuttle cars was used behind the continuous mining machine
as a surge car while the other hauled the coal to the unloading point.

Roof Support

A single row of wood props on 4-ft centers is set in rooms 4 ft from the rib, and
in pillar extraction a single row of wood props is set along the rib.

Equipment Required

Each unit crew was equipped with one continuous mining machine, two cable-
reel shuttle cars, and a 30-in. belt.

Crew Required

A continuous-mining crew consisted of six men as follows:

Section foreman

Continuous mining machine operator
Shuttle car operators

Timberman

Car trimmer

Electrician-mechanic

O\ | m=rojm = N |

Total

The average daily production of raw coal per unit shift was 133.3 tons. This gave
an average production of 22.2 tons of raw coal per shift for each man in a unit.

Ripper-type Mining Machine (Mine 1; Fig. 24)

This mine is operated in the American Coal Bed in Alabama. This bed is 54 in.
thick and is overlain by about 216 ft of overburden. A room-and-pillar system
was used with pillars not extracted. Overall coal recovery was 65 per cent.

Operating Procedure

The plan for room development is shown in Fig. 24. Rooms 4 and B were driven
making cuts 1-5 inclusive. Succeeding rooms were driven by repeating the sequence
of cuts 6-17.
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Fi1G. 24. Room-mining with ripper-type continuous miner —
mobile loading into shuttle cars, Mine 1.(3)

Loading and Haulage

The continuous-mining machine discharged the coal to the floor from where it
was loaded by a mobile-loading machine to a 3%-ton capacity shuttle car, used as
a surge car. These operations permitted the continuous-mining machine to be
operated with a minimum of delay for alignment with or waiting on shuttle cars.

Roof Support

Wood crossbars, 14 ft long by 8 in. wide by 3 in. thick, set on steel screw jacks
were used to support the roof. The crossbars were set on 4-ft centers as the conti-
nuous-mining machine advanced and were recovered (along with the steel screw
jacks) when the room was completed.

Equipment Required

Each unit crew was equipped with a continuous mining machine, one mobile-
loading machine, two shuttle cars, and one 26-in. or 30-in. panel belt.



CONTINUOUS (NON-CYCLIC) PILLAR MINING 143
Crew Required and Productivity

Travel time at this mine was 1 hr; no time lost for lunch (crew lunch period
staggered); leaving 7 hr face time per shift. The average delay caused by mechanical
failure was 39 min, 9.3 per cent of face time. Other delays, as maneuvering the
continuous mining machine, timbering, power failure, bit change, greasing, and
waiting for empty cars, amounted to 1 hr 24 min, 20 per cent of the face time.
Actual productive time was 4 hr 57 min, 70.7 per cent of face time.

A crew of eight men in the typical continuous mining unit produced an average
of 369 tons of raw coal per shift. This was an average of 46.1 tons of raw coal per
man-shift per man in the production unit. ’

METHODS USED FOR PILLAR EXTRACTION IN CONTINUOUS
(NON-CYCLIC) MINING

There are two general methods used for pillar extraction. These are (1) the open-
end method; and (2) the “pocket-and-fender” or “split-and-fender’” method.

(1) The open-end method involves taking lifts of coal from the side of the pillar
adjacent to the mined-out area. In some cases no enders are left between the mining
machine and the gob or goaf while in other cases thin pillars known as ‘“fenders”
are left to support the roof and protect the mining machine and crew from the
caving roof-rock in the goaf.

(2) The “pocket-and-fender” or “split-and-fender” method involves splitting the
pillar and then taking slices or lifts from the interior of the pillar.

Generally the open-end method, where it can be used, gives a higher percentage
of coal recovery than the split-and-fender method because less coal is left un-
recovered in the fenders or stumps. However, there are many mines where the
open-end method cannot be applied because of adverse roof conditions.

Where pillars or stumps are left it is frequently necessary to blast them to secure
proper caving of the roof after mining of a pillar is completed.

Auxiliary Support

Auxiliary supports used during the extraction of the last stump of a pillar or the
final stump of a lift may include cribs, additional props, 20-ton hydraulic props,
or 80-ton yielding-type steel props. Ropes are attached to the 20-ton hydraulic
props and to the 80-ton props so that they may be tripped and pulled to a safe
area when pillaring is completed.

Examples of Pillaring Methods

The figures on the following pages illustrate methods used in pillaring. Figures
26-33 inclusive are taken from U.S. Bureau of Mines R.I. 5631.



FiG. 25. Pillaring with a ripper-type continuous miner. (Joy Mfg. Company.)
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FIG. 26. Open-end pillaring with a boring-type continuous miner in Lower Kittanning coal bed
using post timbering.(®)

General Requirements for Pillaring Operations

(U.S. Bureau of Mines R.I. 5631)

(1) After extraction of a pillar is begun speed in completing the operation is
essential. If necessary it may be wise to finish a shift in another pillar, rather than
leaving a small block stand to be recovered later.

(2) Complete extraction of pillars is preferable to hogging or splitting as strong
remnants tend to throw weight of the roof forward onto remaining pillars and
cause difficulties with roof control. It may be necessary to blast remnants to remove
them as supports.

(3) An unobstructed runway is essential to allow quick removal of men and
equipment if roof falls threaten.
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F1G. 27. Open-end pillaring with a ripper-type continuous miner in Lower Kittanning coal bed
using post timbering.(®

(4) Where a thin-fender or open-end method is employed long lifts are hazard-
ous; it is preferable to take slices from alternate sides of a pillar rather than from
the same side.

(5) Hydraulic and yielding steel props appear to be safer than breaker props and
cribs since they may be tripped and recovered from a safe area outby the pillar
split.

(6) In roof-bolted areas where pillars are being extracted with ripper-type
continuous miners, occasional timbers set at outby intersections and in the inter-
vening approaches to an active pillar, would warn of strata separation above the
bolts, or of other roof movement not usually indicated by the bolts. Abnormal or
fragile roof outby pillar places should be supported in accordance with the need.
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Fi1G. 29. Split-and-fender pillaring with ripper-type continuous miner in Pittsburgh coal bed using
bolts for roof support.(*)
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F1G. 30. Split-and-fender pillaring with ripper-type continuous miner in Pittsburgh coal bed
using bolts for roof support, hydraulic props for break props, and yielding-type steel props for
cribs.®)



s

INEEEENnDn
INEEEENEDE
IO IEe17

-

671



N\

S N 20 [ [ P
N N I I I [

OO 0007

=

Shall
\
N \
\
1 N Wild coal 12in.18in.
.\ '\\ .\ N\ Drawslate 12in-16in.
b ‘\ =
N ‘g
2 s
-y
2 3 4 S Coal 84in-96in.

[ K [m] [m)
Z I 80ft LEGEND
F = |Fireclay O  Roof bolt
@3 20-ton hydraulic props
under heavy wood cap
X3 80-ton yielding prop
der h

under heavy wood cap
O Wood prop

Fi1G. 32. Split-and-fender pillaring with boring-type continuous miner in the Pittsburgh coal bed using bolts for roof
support, hydraulic props for break props, and yielding-type steel props for cribs,®

0sT1

SAOHLINW DONININ TV0D



CONTINUOUS (NON-CYCLIC) PILLAR MINING 151

OO OO ]
DO OOOOOOO0EE

OOOOOCOOO L6177

sy % %

’/%////W / Z |

Coal 60in.

o
. At least 9 breaker props

_
] r o o |O'Ol90
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FIG. 34. Method of mining room pillars. (The Long Company.)

Continuous miner

Fi1G. 35. Method of mining entry pillars — full dimension” mining system. (The Long Company.)
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CHAPTER 4

LONG-WALL MINING—CYCLIC OPERATIONS

A full mining cycle at a long-wall face includes the following operations: (1)
undercutting the coal; (2) drilling shot holes, loading them with explosives (or with
mechanical pressure breaking devices), and shot firing to break down the coal;
(3) loading (filling) the broken coal onto the face conveyor; (4) moving the conveyor
over; (5) moving forward the line of chocks or props which determine the caving
line of the roof, moving forward the back props, ripping the roadways, and building
packs.

When coal is exceptionally soft or friable and/or when roof pressure can be
brought to bear on the face coal to fracture the seam then coal may be gotten
with hand-held pneumatic picks without the necessity for undercutting, drilling, or
shot-firing. A large proportion of German coal production is produced in this
manner and is hand-loaded onto face conveyors.

In some cases coal which is too hard for efficient getting with pneumatic picks
may be gotten by undercutting the face and allowing time for the undercut block
of coal to settle and fracture, after which it is filled onto the face conveyor.

MACHINES FOR CYCLIC LONG-WALL MINING

The coal cutter was the earliest form of mechanization applied to face operations
in coal mining. The modern machines have evolved from early day machines which
employed a horizontal rotating disk as the cutting element. The basic cutting
mechanism in all modern cutters is a bar or “jib” with a toothed chain running
around its perimeter. About 90 per cent of British coal output is at present machine
cut.

LONG-WALL COAL CUTTERS®W

There are a number of types of chain coal cutters in use on long-wall faces.
The design varies from one to another but the basic principle is similar in all cases.
The typical long-wall coal cutter consists of two parts, the cutter jib and the main
body. The main body consists of three parts as follows: (1) The cutting unit,
(2) the hauling unit, (3) the driving unit. These parts are located by spigot-faced
joints and are held rigidly together by high-tensile steel bolts and studs.
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FiG. 1. Long-wall coal cutter. (Anderson, Boyes & Co., Ltd.)
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F1G. 2. Universal arc-shearer. (Anderson, Boyes & Co., Ltd.)
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The cutting unit drives the cutter chain on the jib. Different makes have different
specifications for cutting speeds, rate of travel, etc. The length of jib may be any-
thing from 3% to 9 ft. The length of jib used depends on the nature of the coal
seam, geological conditions, the amount of output which can be handled, etc.

The haulage unit consists of two rope drums, one on each side of the machine,
driven by the motor through a series of gears. Each drum carries 75 ft of %-in.wire
rope or 120 ft of %—in. wire rope. Cutting speed can be adjusted between 1 and
5 ft/min. Flitting speed is about 23 ft/min.

The driving unit may be either electrical (a.c. or d.c.) or compressed air.

The height of the machine may be anything from 12 to 21 in. and the width
between 2 and 2 ft.

The speed of the cutter chain around the jib varies from 320 to 650 ft/min. The
width of the kerf cut may be between 3 and 8 in. but is usually 5 in.

Height of Coal Cutters

In thin seams the height of a coal cutter is an important factor and account must
be taken of the thickness of the seam, the amount of face convergence which will
take place, and the types of roof support bars.in use. The width of the coal cutter
will affect the width of the cutting track and the ease of turning the machine.

Gummers

Cutters should be fitted with gummers which will effectively remove the cuttings
from the cutter chain and will leave a clean undercut. Effective removal reduces
the load on the driving motor and assists in the preparation of the coal. Gummers
may be either paddle type or propeller type.

Height Adjustment

On the A. B. Fifteen coal cutter the height of the cutting jib may be adjusted to
suit seam requirements. For a height of up to 13 in. the machine is raised bodily
by a jack so that it rests on timber flats. For a height of 13 in. or over the gearhead
is inverted.

For greater heights of cutting jibs may be mounted on hydraulic turrets. The
hydraulic lifting and lowering arrangement is housed in the turret itself and is
completely isolated from dirt or damage.

Types of Jibs

Single-jib machines are used successfully in many collieries but difficulties are
sometimes encountered where roof is sticky and there is need for both over-cutting
or cutting a dirt band simultaneously. In such cases coal cutters fitted with twin



F1G. 3. Hydraulic turret overcutter with down-curved jib for roof cutting. (Anderson, Boyes & Co., Ltd.)
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FIG. 4. Mushroom jib. (Anderson, Boyes & Co., Ltd.)

SNOLLVYAdO JI'TDXD — ONININ TIVM-DNOT

651



F1G. 5. Twin <“XY” mushroom jib. (Anderson, Boyes & Co. Ltd.)
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jibs or with stepped jibs may be used. The stepped jib is useful in allowing roof
bars to be extended over the face track while cutting at roof level.

In cases where there is need for the coal cutter to be mounted on an armored
conveyor, the under-cutting at floor level is facilitated by the use of bent or slightly
curved jibs.

Mushroom-jib Coal Cutters

The coal-cutter jib may be so designed as to give a shear cut at the back of the
web in addition to the usually horizontal cut. This shear cut may be made by using
either a mushroom jib or a curved jib.

The mushroom head is incorporated in a special jib in such a manner that it
can be fitted directly to any standard coal cutter. The mushroom head and the
sprocket at the end of the jib are combined and thus the mushroom receives its
drive direct from the standard cutting chain. The mushroom and the sprocket are
mounted on a stationary vertical shaft which is supported by the bottom jib plate:
this plate, together with the top jib plate, is of special construction and ensures
maximum rigidity at the jib end.

The mushroom is mounted on ball bearings arranged so as to give rigidity as
well as maximum protection against dust.

The A. B. mushroom jib can shear up to a maximum height of 10 in. from the
floor and extension pieces are available in 2-in. steps by means of which the vertical
shearing height can be extended an additional 14 in. (A mushroom jib fitted with
an extension is designated as a “turret jib”.)

When a shear cut is required in the middle of a web as well as at the back, a
twin turret jib is useful. This jib is used in conjunction with a special deep undercut
gumstower.

For satisfactory jib performance it is necessary to use a gummer to remove the
cuttings to leave a clean undercut. Mushroom jibs are not recommended for
overcutting with turret turned downwards because there would be no method of
removing cuttings from the shear cut and they would tend to jam the machine.

Advantages of Curved Jibs and Turret Jibs

Some advantages claimed for curved jibs and turret jibs are:

(1) The shear cuts reduce the amount of shot firing required to break the coal
and in some cases entirely eliminate the necessity for shotfiring.

(2) The coal sizing may be improved with a larger percentage of larger sizes
being produced.

(3) Output per man-shift is increased.

(4) The shear cut gives a straight face line and makes installation of support
easier.



FIG. 6. A.B. Titan extra-heavy cutting chain. (Anderson, Boyes & Co. Ltd.)
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FiG. 7. Components of A.B. Titan extra-heavy cutting chain. (Anderson, Boyes & Co. Ltd.)
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FiG. 8. A.B. curved jib with double-articulated cutting chain (Anderson, Boyes & Co. Ltd.)
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Fi1G. 9. Components of double-articulated cutting chain. (Anderson, Boyes & Co. Ltd.)
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166 COAL MINING METHODS

The following disadvantages of curved or turret jibs are noted:

(1) Great care is needed when starting and finishing a cut at the corners of the
face.

(2) Power consumption is high.

(3) Chains must operate at slower speeds.

(4) A gum stower is essential.

(5) Gas may accumulate in the shear cut.

Applications for Curved Jibs

Curved jibs have been applied in a variety of ways. Some of these applications
are indicated in Fig. 10.
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Fi1G. 10. Various types of curved jibs.(?)

In one instance in a 4-ft thick seam on a face 600 ft long where the coal cutter
was mounted on the armoured conveyor and was equipped with a curved jib an
overall face output of 7 tons/man-shift was obtained. The face was hand loaded.
The cutter made a 2 ft 3 in. undercut and a 2-ft shear cut.
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POWER LOADERS

Coal at the long-wall face was generally hand loaded until the period between
1940 and 1950 when power loaders for loading coal onto face conveyors began to
come into general use.

Power loading machines were at first designed to load the strip of coal cut by a
standard coal cutter. This strip was usually several feet wide and required wide
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FIG. 11. Face support system with Huwood doublz jack-post loader.(2)
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loaders. Power loaders for long-wall faces did not achieve a real break-through
until the mining system was changed so that a narrow web of coal was cut along
the face and narrow loaders were designed to load it. These machines allowed the
space between the last row of props and the face to be narrowed so that the roof
could be supported by cantilever bars and an unobstructed space (prop-free face)
provided in which the face conveyor could be located and along which the power
loader could pass. The conveyors used were of a semi-flexible type which could
be snaked over to the face as the face advanced.

Types of Loaders

Power loaders for long-wall faces may be divided into three classes:

(1) Machines which are designed especially for loading.

(2) Coal cutters which may also be used for loading by the addition of flights to
the cutter chain.

(3) Combination machines which both cut and load the coal during one pass
along the face.

(1) Loading Machines

The Huwood loader is designed especially for loading. Earlier models of this
machine were rope hauled along the face but more recent models are propelled by
two hydraulic rams which push against hydraulic jack posts which are set between
floor and roof.



F1G. 12. Huwood loader. (Hugh Wood & Co., Ltd.)
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Loading action is provided by a series of arms which project in front of the
machine and which operate with a reciprocating motion to sweep the broken coal
away from the face and onto the face conveyor. This conveyor may be either a
chain or an armoured conveyor, or it may be a bottom belt conveyor.

The Huwood loader can load at the rate of 1 ton/min; however, the coal must
be well prepared to enable the machine to function successfully.®

The loader can travel at a maximum speed of about 220 ft/hr but a speed of
only 90 ft/hr is considered to be sufficient for the completion of loading out a face
on shift. It is claimed that 360-420 ft of face can be loaded during a working shift.
It has been recommended that the cutter should be kept at least 150-180 ft in front
of the loader.

A seam from 2% to 3% ft thick is most suitable for this type of power loading,
although a low type of loader has been made to be used in seams as low as 1 ft 11 in.

(2) Loading With Modified Coal Cutters®

The simplest form of power loader is created simply by reversing the picks on the
cutter chain of the conventional coal cutter. A more efficient loader is created,
however, by attaching loading flights to the cutter chain. The pick holders on the
chain are adapted for attachment of the loading flights.

This form of loading has been successful in the thinner hard seams, such as those
from 2 to 3 ft thick where conditions are not suitable for plows.

In using these loaders the face is first pre-cut and suitably prepared for loading.
To convert the cutter to a loader one pick is withdrawn from one of each pair of

FiG. 13. Cutting chain fitted with loading flights. (Anderson, Boyes & Co. Ltd.)

the flight-carrying pick holders, and flights are attached by means of drop-in pins.
Usually one flight per foot of jib length is sufficient for loading purposes. The con-
verted coal cutter then traverses the face in the direction opposite to the cutting
direction, with the jib leading and the chain running in reverse so that the broken
coal is scraped onto the conveyor.

Figure 14 shows the support system for flight loading onto a bottom belt con-
veyor in a colliery in the Durham Division. The face was 520 ft long and the seam
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thickness 2 ft 10 in. Dowty props and corrugated steel bars were used. A face
O.M.S. of over 6 tons was obtained with this installation using an A.B. Fifteen coal
cutter having a jib fitted with a cutting turret 1 ft 3 in. high.

The whole operation was based on a rigid cyclic system, involving undercutting
the coal, drilling and blasting the coal during the preparation shift, and then attach-
ing flights to the chain ready for the next shift.
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FI1G. 14. Face support system for flight loading.(?)

In the second shift the coal was loaded by the flight loader and then permanent
supports were set in the new track behind the machine. New stables for the cutter
were also made on this shift.

The third shift consisted of moving the conveyor forward and withdrawing back
supports. The roadhead was also advanced and the face packed during this shift.

Conveyor-mounted Cutters®

The standard chain coal cutter may be mounted on an armoured chain conveyor.
Such a coal cutter was used for cutting and flight-loading in a colliery in the North-
western Division (of Britain) in a 3-ft thick seam, on a face 240 ft long which was
undercut to a depth of 7% ft. A face O.M.S. of 7.8 tons was obtained as compared
with an O.M.S. of 5 tons for orthodox working.

Extent of Usage of Flight Loading®

The use of flight loading has been increasing continuously since 1951. Flight
loading is the cheapest system of power loading and it can be used under a variety
of conditions. It can also be used on faces which will have short working lives
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thereby avoiding the heavier capital expenditures which would be required for
installation of other types of equipment.

The principal disadvantage of this system is that the flights probably cause some
degradation (breakage and size decrease) of the coal.

The Scraper-box Loader

The scraper-box is a relatively simple form of power loading used underground.
The coal is cut and broken in the usual manner and is then scraped to the end of
the face by dragging a scraper box to and fro along the face.

The box is attached to wire ropes which are actuated by a winch placed in the
tail-gate road.

To hold the box against the face and in the coal a skid rail is usually set parallel
to the face and is advanced by means of ratchet pushers as the face advances.

The scraper-box system eliminates the need for a face conveyor but it does have
a low efficiency. This is partially offset, however, by the relative excellency of its
performance in very thin seams where working conditions are very unfavorable.

A narrow design of scraper box with collapsible arms was introduced in a
Scottish colliery and this enabled supports to be erected almost as close to the face
as in ordinary practice. The scraper box was powered by a 100 h.p. winch with
double drums. The specified rope speed was 200 ft/min and the maximum pull on
the ;— in. diameter rope was to be 15,000 1b. The equipment was installed on a
double-unit face in a 19-in. thick seam, each unit being 280 ft in length. The face
was cut by a 12-in. double jib machine and the coal was scraped to the center loading
road by scraper boxes on each side.

SEMI-CYCLIC OPERATIONS

The preceding discussion has dealt with cutting and loading machines for cyclic
operations in which cutting, breaking down the coal, and filling it onto the face
conveyor were separate operations.

Non-cyclic operations will be discussed in the next chapter and involve the use
of machines which rip or cut the coal from the seam and load it onto the face
conveyor without the necessity of drilling and shooting to break down the coal.
Generally in long-wall “continuous” or ‘“non-cyclic”’ mining a relatively thin slice
of coal is removed from the face at each passage of the mining machine. Since these
machines are relatively narrow, are usually mounted on an armoured face conveyor,
and only a narrow web of coal is removed at each pass, the roof at the face can be
supported by bars cantilevered from a row of props set about 3 ft from the face.
Thus coal getting operations are conducted on a “propfree face”. A continuous
mining (non-cyclic) system attempts to produce coal at a fairly steady rate during
two, and sometimes all three shifts in contrast to cyclic operations where all coal



F1G. 15. Meco-Moore cutter loader. (The Mining Engineering Co., Ltd.)
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is loaded out on one shift. The non-cyclic system tends to produce a relatively
smooth flow of coal through the transportation system in contrast to the cyclic
system which imposes peak loads on transportation during one shift.

Semi-Cyclic Systems

Between the “‘cyclic” systems and the ‘“‘non-cyclic” systems there are some
machines which operate on what might be called the “semi-cyclic’’ system. In these
operations the coal is gotten without having to drill and shoot to break it down.

One such system is that known as “waffling”. This system may be used when the
coal is of such nature that machine cutting of the face produces adequate breakage
and no shot firing is required. In such a situation the coal is cut by one machine
and is loaded by a flight loader which follows the cutter along the face.

The distance which the loader follows the cutter is determined by the nature of
the coal and whether it will settle and break immediately or whether some time
must be allowed for breakage.

The Meco-Moore Cutter Loader®

The Meco-Moore cutter loader simultaneously cuts the coal and loads it onto
a face conveyor. Initially the machine was designed to cut and load the coal alter-
nately but it was later modified for simultaneous cutting and loading.

The machine consists of two main sections: (1) the cutting unit; (2) the loading
unit.

(1) The cutting unit consists of a special long-wall coal cutter which is equipped
with two horizontal jibs — one for undercutting and the other for overcutting. The
chains in the two jibs travel in opposite directions. This helps to stabilize the
machine and to break up the coal.

(2) The loading unit comprises the following:

(a) Left- and right-hand gummers.

(b) Left- and right-hand loader gear boxes with loader bars.
(c) Loader structure with belt.

(d) Shear jib.

Since the machine is designed for work in either direction of travel the gear boxes
for the gummers, the loader bars, and the shear jib are arranged symmetrically about
the center line of the loader belt. This makes it possible for the cutter unit to be
attached to either end of the loader unit.

The Meco-Moore cutter loader can be used under variable conditions. It cannot
be used, however, in seams less than 3 ft thick and it requires a good roof and
strong floor. Where the coal does not fall easily from the roof a picked drum may
be fitted to the cutter loader. The picked drum also helps to break up large lumps
of coal. The machine requires stable holes 15-30 ft long at each end of the face.
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An “on end” face is most suitable for this machine as an “on incline” face may
give trouble in breaking the coal away when cutting against the cleat. The machine
can work on slopes of 1 in 5 along the face and 1 in 15 on faces advancing to the dip.

Single unit faces may range in length from 390 to 450 ft. The length of a single
face worked by a Meco-Moore cutter loader is restricted because the machine is
cyclic; that is it can ordinarily cut and load on only one shift leaving the other two
shifts for turning the machine, packing and drawing, ripping, etc. This machine
usually takes off a 5 ft strip of coal.

Modified Operating Methods®

Modified methods for using the Meco-Moore machine have been devised so as
to take two cuts of coal from the face each 24 hr instead of one cut. This can be
accomplished by one of the following methods:

(1) The shuttle Meco-Moore system. With the shuttle system three cutter sec-
tions are used in conjunction with one loader unit. At any one time one cutter
portion is incorporated with the loader unit, a second is in the approach stable
being made ready for use on the next pass down the face, while the third is being
used to cut the other stable before being turned and prepared for loading.

By having a cutter portion already turned and prepared for coupling to the
loading section, the time taken to turn around for a return pass is greatly reduced
and can be done in 1] hr.

With a double shift per day working face advance of 9 ft is obtained and the
estimated output of 750 tons/day from a shuttle Meco face at Thoresby Colliery
(E. Midlands Division) is regularly exceeded. Face output per man-shift at this
face is 7.1 saleable tons.

(2) A cutter unit may be coupled to each end of the loader unit. This method
eliminates the necessity for turning the machine around when it reaches each end
of the face.

(3) A cutter-loader unit is used in each stable. The cutter unit is coupled to the
machine when it cuts through into the stable and the cutter unit which has just cut
the face is uncoupled and becomes the stable machine. This simplifies the turning
operation. In this way another web can be cut as soon as the face conveyor is moved

up.

Cycle of Operation for One Coaling Shift Per Day

The organization of the working cycle for one coaling shift per day may be as
follows:
(1) Day shift: The face is loaded out by the cutter loader and the stables are made.
(2) Afternoon shift: The work consists of ripping, packing, and conveyor shift-
ing. The cutter loader is turned and made ready to load the next cycle. The
machine is examined and lubricated.



FIG. 16. Dosco Miner at work at the face. (Dominion Steel and Coal Corp., Ltd.)
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(3) Night shift: All work is completed and made ready for the loading shift.
The normal face crew during the production shift consists of fifteen to sixteen
men.

Requirements for Efficient Operation

The Meco-Moore cutter loader runs on the floor of the seam and does not use
the prop-free front support system.

The efficient application of the machine depends upon the following factors:

(1) A definite system of operation and roof support should be adhered to.

(2) The face and props should be kept in a straight line. The conveyor should
be laid close to the face props.

(3) The face conveyor should be adequate to deal with a large output.

In view of the rather cumbersome build of these machines and also because the
Meco-Moore machine has to be turned around each time it traverses the length of
the face it is not likely that there will be any great increase in the number of these
machines working in the future.

The Dosco Miner

The Dosco miner is comprised of (1) the main frame and (2) a sliding section
which carries the cutting head.

(1) The main frame is mounted on crawler tracks and carries the electric motors,
hydraulic pumps, and the oil storage tank and all controls.

(2) The head section slides on the main frame and carries the cutting head, its
elevating mechanism, and the cross conveyor. The sliding section can move back-
wards and forwards for a distance of 18 in. and is pivoted so that it can be swung
through a vertical arc but cannot be swung from side to side.

The total weight of the machine is about 20 tons, giving a floor pressure of about
20 psi. When fully raised the cutting head is 7% ft above floor level.

The machine is equipped with a cutting head which is similar to the ripper
heads on the continuous miners used in room-and-pillar work. The ripper head is
equipped with a series of seven cutter chains which run side by side and give an
effective cutting width of 4.75 ft at the front end.

Method of Operation

The crawler-mounted machine moves up against the buttock of the long-wall
face and the cutting head is lowered to the floor and sumped into the coal for a
distance of 18 in., then raised to rip out the coal to the desired height after which
the cycle is repeated. The broken coal is discharged onto a face conveyor.
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The machine was originally designed and built by the Dominion Steel and Coal
Corporation of Canada for use in its mines in Nova Scotia. Long-wall faces were
500 ft long and the Dosco miners were operated down the dip on a 14 per cent
slope.

Operating Cycle

At the beginning of the cycle of operations a machine is located in the stall at
the top of the face. This stall has been prepared by three men using an under-
cutting machine.

The mining machine is operated down the dip and mining of the 500-ft face is
scheduled for completion at the end of the first, or production shift.

On the second shift the machine is trammed up the face and placed in the pre-
pared stall ready for the next production shift.

On the third shift the face conveyor is moved 5 ft laterally to a new position 12 in.
from the face ready for the next production shift.

The face layout is shown in Fig. 17.

Roof Support

The roof between the gob and the face is supported by wood bars, posts, cribs
equipped with releases, and packwalls. In the haulageways the roof is supported
with packwalls and steel arches lagged with timber.

Applications of the Dosco Miner in British Practice'

One of the machines was delivered to the Rawden Colliery, in England, in 1953.
A number of modifications were made to the machine to satisfy British Safety
Regulations and in addition the cutting head was redesigned and the seven cutter
chains were replaced with two wide mat chains. Bollards were mounted on the
ends of the front shaft to cut additional width to obtain required clearance for the
body of the machine.

Fitting of the new cutting head resulted in greater efficiency. However, the appli-
cation of the machine in British mines has been limited. Although it gives a high
O.M.S. it causes degradation of the coal. Because of the wide web cut its operation
is cyclic in nature with production taking place on only one shift per 24 hr.

The Midget Miner®

The Midget miner cutter loader is designed for thin seams, and consists of a
main body and the cutting head. The main body is similar to a standard coal
cutter while the cutting head consists of four boring arms (resembling the cutting
arms on the Jeffrey Colmol see Chapter 3, p. 121) and a peripheral cutting chain.
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The boring arms are arranged so that the rotation of each arm is successively
72° out of phase with the preceding arm. The cut coal is pushed from one arm to
the next until the last arm pushes the coal onto the conveyor.

Different size jibs are available to give cutting heights of 18-30 in.

The machine is mounted on skid plates fitted with four jacks, one at each corner,
each of which can be independently controlled. The machine is hauled along the
face by wire ropes in the same manner as a standard coal cutter.

A typical layout for a Midget miner retreating face is shown in Fig. 18.
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CHAPTER 5

LONG-WALL MINING—NON-CYCLIC
OPERATIONS

MACHINES FOR NON-CYCLIC MINING

Machines for non-cyclic (continuous) operations on long-wall faces are designed
to remove a relatively thin slice of coal (3 or 4 in. up to 30 in.) from the face during
each passage along the face.

In contrast to this most cyclic or semi-cyclic machines cut relatively wide webs —
some machines cutting webs up to 5 ft wide. Because the cut is so wide such machines
ordinarily can traverse the face only during one shift in each 24 hr. The remainder
of the time is used in moving the conveyor forward, moving and setting supports,
ripping and packing, and turning the machine around in its stable hole. Principal
disadvantage of this method of operation is that transport equipment must be
large enough to handle a large volume of coal on one shift but may be only parti-
ally employed during the remainder of the 24 hr. In addition the removal of a wide
web of coal tends to stress the roof to a greater degree than does the removal of
narrow webs, and the difficulty of roof control is increased.

With the non-cyclic system coal may be cut and loaded on two or even three
shifts each 24 hr and a steadier flow of coal is maintained which can be handled
by a smaller transportation system.

Non-cyclic machines are relatively narrow and most are designed to ride on the
face conveyer so that the space required between the front row of props and the
face is not normally more than 3 ft. Thus a “prop-free front” can be used and the
roof between the front row of props and the face is supported with bars cantile-
vered from the front row of props.

Non-cyclic systems are most efficient when used in conjunction with powered
self-advancing roof supports which require a minimum amount of man-power for
operation.

THE ANDERTON SHEARER

The Anderton shearer is the machine most widely used for continuous long-wall
mining in Great Britain. In Great Britain approximately 38 million tons of coal
was produced by these machines in 1961. '
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The cutting head on this machine is a drum which rotates about a horizontal
axis which is approximately perpendicular to the face line. Coal picks are set around
the circumference of the drum. The drum revolves so that the picks cut upward
into the coal and the broken coal is thrown back over the drum onto the plow
portion of the machine from whence it falls onto the conveyor. Coal which does
not come down during the shearing run is picked down, or shot down and falls
into the cutter track.

The machine is used in conjunction with armored conveyors and is hauled along
the face by a wire rope. When the machine completes a cutting run it is pulled back
down the face and the plow portion plows onto the conveyor any coal which may
have been missed, or which has fallen onto the shearer track.

The depth of cut taken on each run may vary from 16 to 24 in. or more, depend-
ing upon thickness of the seam and the support problems which result from roof
conditions.

Where a thick seam is to be worked, or where coal sticks to the roof, the Anderton
shearer may be equipped with a jib for making a top cut, or with a curved jib which
will make a top cut and also a shear cut.

Because of the nature of its ripping action the Anderton shearer produces a low
proportion of large coal.

Mode of Operation

The Anderton shearer shears and loads from the buttock and during the shear-
ing traverss of the face it travels in a direction opposite to the conveyor travel. It
starts from the stable hole at the loader gate and proceeds along the face with the
shearing drum revolving so that the picks cut upward into the coal and throw a
large proportion of it over the drum and onto the plow which deflects it onto the
conveyor.

When the machine reaches the stable at the tail gate one of two systems can be
adopted 'V

(1) The direction of the machine’s travel is reversed, during which it plows the
coal onto the conveyor. This is the common method of operation.

(2) In exceptional cases before starting the reverse haulage the drum may have
to be taken off. This may be necessary in thin seams where roof convergence at the
coal face may be enough to impede the drum progress if the drum is left in its
original position. If the drum is not removed it is not possible to set bars right up
to the face when the machine has passed in the cutting cycle. To overcome this
difficulty segmented drums have been designed.

As the machine plows back the armoured conveyor is moved forward. In thick
seams where the coal does not part readily from the roof an overcutting jib may be
employed.



F1G. 2. B.J.D. 150 h.p. Anderton shearer with magnamatic control. (British Jeffrey-Diamond, Ltd.)
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Shearing Unit

The original machine was equipped with a series of disks with the cutting picks set
on their perimeters. These disks were later superseded by a drum and more recently
segmented drums have been used as the rotating elements on which picks are mount-
ed. Segments may be removed from these drums to provide clearance when the
machine is flitted back along the face after a cutting run.

The largest drum attempted was 72 in. in diameter but generally if the drum
diameter is more than 50 in. the seam may have to be pre-cut.‘?

Drum width is commonly 20 in. although in one case a 30 in. wide drum with a
diameter of 50 in. gave good results without pre-cutting. Machines are now avail-
able up to 150 h.p.

Speed of travel during the cutting cycle may be from 5 to 30 ft/min, although
the average is probably between 6 and 10 ft/min. Speed of travel during the plowing
back cycle may be from 30 to 60 ft/min.

Advantages™

The following advantages are claimed for this machine:

(1) It is simple and versatile.

(2) It can be adapted to variable geological conditions. The nature of the roof
and floor does not affect its operation; it can be used in faulted areas.

(3) It can be used for hard coal.

(4) The price is comparatively low.

The only disadvantage is that it causes degradation of the coal and a large pro-
portion of the production is under 2 in. in size.

British Installations

A 125 h.p. B.J.D. Anderton shearer was recently installed in the Scottish Divi-
sion.”? The machine was equipped with a 50-in. diameter drum which left coal at
both the top and bottom of the seam. The gradient was 1 in 12 against the cutting
and the actual cutting length 500 ft.

The machine took 27-30 min on the cutting run and 18 min on the plowing
run, with a complete cycle being completed in 1 hr.

Installation at Whitehill Colliery

In 1959 a 125 h.p. British Jeffrey-Diamond Anderton shearer was installed at
Whitehill Colliery. The machine was equipped with 50-in. diameter disks which
took a 20-in. wide cut from the face. It was also equipped with a magnamatic
transmission which regulated the pull on the haulage rope in accordance with the
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hardness of the coal, and, in effect, regulated the rate of advance of the machine
so that the load imposed on the drive motor by the cutting head was kept relatively
constant.

TABLE 1. MANPOWER DEPLOYMENT FOR 21’s FACE.(?)
(Whitehill Colliery)

Elsewhere

Face underground

Cutting Shift
Machine operator
Cableman
Main-gate stable
Tail-gate stable
Wastemen
Tracker and grader
Shotfirers
Face conveyor operator
Steel checker
Conveyor operators -
Materials supply -
General worker —
Overman -
Deputy -
Mechanical engineer -
Electrical engineer —

Total 28

|

[

—
—

First Preparatory Shift
Main-gate rip
Main-gate pack
Tail-gate rip
Tail-gate pack
Shotfirer —
Conveyor cleaning — 2

Deputy — 1

1
1

— L) == A
|

Mechanical engineer —
Electrical engineer —

Total 11 5

Second Preparatory Shift
Face conveyor grader 1 —
Stage loader extension 1
Deputy —
Mechanical engineer —
Electrical engineer —
Belt maintenance —

Total 2

A Noimelm = |
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A 520 ft face could be cut in an average time of 30 min at an average speed of
about 17 ft/min. Since the machine was taking a 20-in. web the rate of loading was
(during actual cutting) about 260-300 tons/hr and the 30-in. wide conveyor belts
were taxed to capacity to handle this amount.

All cutting and loading was done on one shift. It was found to be possible to
take four cuts from the face consistently during each coaling shift. The other two
shifts were devoted to preparatory work.

The manpower distribution is shown in Table 1. A face O.M.S. of 14 tons was
obtained over a period of 5 months.

Huwood T.C.R. props were used in conjunction with G.H.H. bars for roof
support at the face. Stables were supported by T.C.R. props in conjunction with
12 ft long 3 by 3 in. H-section girders on double slide bar heads.

A staggered-line system, without chocks, was used for support along the waste
edge. The support system is shown in Fig. 3.

Maintenance Costs

An average of about twenty picks per week, or one per slice, were replaced and
picks cost about $1.50 each.

It is of interest to note that this shearer cut and loaded over 250,000 tons of coal
before being transferred to another colliery and in that period replacement costs
were restricted to haulage ropes and a total of about 2000 cutter picks, there being
no mechanical, electrical, or hydraulic faults whatsoever in the machine.

U.S. Installation®

An Anderton shearer was installed on a long-wall face in the Sunnyside No. 3
Mine of the Kaiser Steel Company at Sunnyside, Utah. The seam ranges from 5 to
6 ft thick with a 6-10in. parting near the floor. Dip of the seam is approximately
7 per cent and the long-wall face was established straight up and down this dip.
Cover over the seam is approximately 1100 ft.

A 125 h.p. Anderton shearer equipped with a drum 5 ft in diameter and 27 in.
wide cuts the coal and loads it onto the 30-in. wide British Jeffrey-Diamond armored
face conveyor. The shearer rides on the side rails of the face conveyor and pulls
itself along by means of a system of sheaves acting on a %—in. wire rope stretched
between the drive and the tail of the conveyor. The cutting speed varies from 10 to
20 ft/min.

The procedure is to cut to the tail end of the conveyor, advancing roof bars
behind, remove the drum segment, and then return the shearer to the drive end
at 30 ft/min. During the return pass most of the loose coal is plowed over onto the
conveyor. As soon as the machine completes a run and the loose coal has been
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plowed onto the conveyor and the conveyor pushed up to the face the alternate
roof support units are advanced and the machine is ready to begin its cutting run
again.

The initial length of the long-wall face was 310 ft but it was planned to install
the shearer on a 750 ft face when mining of the shorter block of coal was completed.

PROP UNIT ADVANCED

PROP UNIT

ROOF BEAM

HYDRAULIC PRESSURE
AND RETURN LINES\
A\

CONVEYOR

PROP CONTROL VALVE

ADVANCING JACK

Fi1G. 4. Dowty self-advancing roof supports. (Dowty Mining Equipment, Ltd.)

Roof Support

Face support is by Dowty hydraulic self-advancing supports. Two and three-
jack roof support units alternate on 2—21—-ft centers. The base of each set accommo-
dates hydraulic cylinders and rams for moving the support unit and also for push-
ing the face conveyor up to the face.

Crew Required

The face crew consists of eleven men with the following duties:
Shearer operator.
Cableman — corresponds to a helper on a conventional miner.
Cornerman — posted at the drive end of the face conveyor.
Prop men — four men handle advancement of the face conveyor and roof
supports.
Mechanic.
Loader-head man — handles car loading. _
Motorman — pulling trips and moving them through the loading station.
Face boss.



190 COAL MINING METHODS
Productivity

The eleven-man crew consistently produced 400-500 tons of raw coal per shift
during the first several months after the installation of this mining system. The
best production for one shift was 700 tons. With room-and pillar-work in the same
area the average production per man-shift was about 14.5 tons.

A considerable saving in manpower is accomplished by using one of the entries
on either side of the long-wall block as a stable into which the shearer advances
at the end of a cut. Under British mining conditions it is necessary to hand-mine
stables for the advancement of the shearer and conveyor terminals at each end of
the long-wall face. Several men are usually required mining and installing special
supports in these stables and when they can be eliminated the O.M.S. is boosted
considerably.

THE ANDERSON-BOYES LONG-WALL TREPANNER

The A. B. long-wall trepanner, which produced some 23 million tons of coal
in Great Britain in 1961, is designed for narrow web non-cyclic mining in thin
seams. It travels on the floor of the seam alongside the conveyor and can cut and
load coal when traveling in either direction. This machine attacks the coal on the
buttock.

The trepanner has a length of steel channel bolted to the bottom which bears
on the face side of the conveyor and serves as a guide. The machine pulls itself
along (at speeds which may vary from O to 6 ft/min) by means of a stationary
chain which is anchored to the conveyor at both ends.

The coal cutting and breaking mechanisms are the trepanning wheels which
rotate on axes parallel to the coal face. The trepanning wheel has two cutting arms
which carry the cutting tools. These cutting tools cut a thin annular groove which
causes a cylindrical core to form. Heavy picks are provided on the trepanning
wheel to break up this core.

A bottom jib is provided to cut a level floor for the machine and shearing jibs
are provided to make side cuts. The gummings (coal cuttings) from the bottom jib
are loaded onto the conveyor by paddles mounted on the back of the trepanner.

Water jets are mounted on the machine and sprays are directed at the coal
buttock. The machine is equipped with a roof-cutting disk which has the function
of cutting roof at the desired horizon or of dressing down sticking top coal.

The depth of the web is 27 in. and normal working height is 3 ft 3 in. to 4 ft
although seams up to 4% ft are worked where the top coal falls freely.

Method of Operation

The trepanner starts from a prepared stable and hauls itself along the face by
means of a driving sprocket which winds on an anchored chain. It is guided by the
face-side edge of the conveyor. The trepanner wheel takes off a 27-in. buttock of



FiG. 5. A. B. trepanner at work underground. (Anderson, Boyes & Co., Ltd.)
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coal and discharges it onto the conveyor. The shear jib and the roof cutting disk
cut the remaining top coal causing it to fall onto the sloping top of the machine
body and slide onto the conveyor.

The floor cutting jib not only levels off the floor but also pre-cuts the face for
the next run of the machine.

After the passage of the trepanner the space between the conveyor and the face
is cleared of any spillage and the conveyor is snaked up to the new face again by
means of power-operated rams.

New supports are set and the old supports are withdrawn from the waste edge.

When the trepanner enters the stable at the end of its run it is made ready for
the return run.

Actual machine handling requires only an operator and a cable man. Almost
all other personnel is engaged in setting and removing roof supports, and in pre-
paring the stables.

Example of Installation

A trepanner was installed in Shireoaks Colliery in the Clowne Seam (4 ft thick)
on a single unit face 550 ft long. The machine operated on production during two
shifts out of each 24 hr, taking four strips off the face during the two shifts, each
strip 27 in. wide, at an average speed of 5 ft/min."

Stables at main and supply gates were 54 and 24 ft long, respectively, and were
cut by standard A. B. 15-in. long-wall coal cutters.

Using a roof-cutting disk to leave a roof of inferior coal the machine cut to a
total height of 3 ft. The face was pre-cut to a depth of 27 in.

TABLE 2. MANPOWER ON TREPANNER FACE, SHIREOAKS

CoLLIERY(D
Dy (Afimmoon  Nigh
Deputies 1 1 1
Shotfirers 2 1
Trepanner operators 1 2
Cable men 1 1
Erecting supports 5 5
Withdrawing supports 3 3
Moving conveyor 3 3
Main gate stable 4 4
Supply gate stable 2 2
Ripping main gate 3or4
Ripping supply gate 3or4
Total 22 22 7or9




FIG. 6. A. B. trepanner. (Anderson, Boyes & Co., Ltd.)
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Face Support®

The face was supported by 7-ft light section corrugated bars set on 4-ft centers
on hydraulic props, there being three props to each bar. Another hydraulic prop
was set between each prop in the rear row to act as a breaker prop, full caving
being practiced between gate-side packs.

One man was responsible for setting temporary props on the face side of the
conveyor immediately behind the trepanner and about 15 ft behind him four men
erected the permanent supports; two setting the bar on a prop erected next to
the conveyor on the waste side, a third withdrawing the temporary prop and erect-
ing the face side leg, and the fourth man erecting the waste side leg.

Three men using hydraulic rams moved the conveyor over into its new track;
the gap between the conveyor and the face being 6 in. Following some 100 to 150 ft
behind the trepanner a team of three men withdrew the breaker props and the
remaining two legs of the roof bar, which was set after the previous strip was cut.
This team also built the gate-side packs.

Productivity

The average daily face advance was 9 ft and the average daily output was
459 tons. An average of about fifty-one man-shifts was worked at the face during
each 24 hr period; thus the face O.M.S. was about 9 tons.

Table 2 is a tabulation of the men employed on each shift and the duties of each
man.

Support Systems for Trepanner Faces

The support system for the A. B. long-wall trepanner should have the following
basic characteristics:

(1) It should allow for a conveyor advance of about 27 in. during each cycle.

(2) It must be advanced progressively as the machine travels along the face and
the rate of this advance should be at least 6 ft/min.

(3) The supports should be so placed that the trepanner operator has good
access to the machine controls at all times.

Some of the systems which are being successfully used in conjunction with the
trepanner include the following:

(1) Hydraulic Props and Steel Straps

In this method the steel straps may be either 5-% or 7 ft long. Where conditions
permit the face is supported on one series of 7-ft steel straps with three props to a
strap. As the machine advances along the face another series of straps is erected.
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As an alternative method 5% ft steel straps may be used. In this case the face is
supported on two series of such straps, each supported by two props. As the
machine advances a third series of straps is erected.

(2) Hydraulic Props and Slide Bars

In this method hydraulic props carry special bar-slide heads and three such props
carry a 7-ft joist. The joist is held against the roof by the wedge action of special
heads. When these wedges are released the bar is slid along towards the newly

Panzer conveyor Pre-cut for next web
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FIG. 7. Self-advancing supports on a trepanner face.(*)

exposed face and tightened against the roof by operating the wedges. This is less
expensive in manpower than the application of props and steel straps described
above, but requires that the roof be relatively smooth and without undulations.

(3) Link Bars and Hydraulic or Friction Props

This method is used with either hydraulic or friction props and the bar used is
normally twice the depth of the web taken so that alternate settings are extended
for each cut. The bar size must be carefully chosen to conform to the depth of web
and under normal conditions 4 ft 4 in. bars are chosen.

MECHANIZED SUPPORT SYSTEMS

The A. B. trepanner is suitable for use with systems of mechanized support.
The Dowty Roofmaster self advancing supports have been used in conjunction with
a trepanner and the general layout for the operation of such a system is shown in
Fig. 7.9

At the commencement of the cycle of operations the rear ends of the roof supports.
are all in line, with the roof beams set close to the face and providing cantilever
support over the conveyor.
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As the trepanner moves along the face both props of the two-leg hydraulic
support unit immediately behind the machine are retracted and the whole unit is
drawn up to the conveyor. The props are then re-pressurized and the roof bar
brought up to bear on the newly exposed roof at setting loads which may be varied
up to 10 tons/prop.

The conveyor is then snaked over to the face by extending a jack on the two-leg
unit which pushes the conveyor over to the face.

After the conveyor is in its new position the props of the three-leg unit are
retracted and the jack is closed to draw it up to the conveyor. The three props are
then re-pressurized and the units are once again in line, completing a cycle.

Two men are required for the operation of the supports on a face equipped with
the Dowty Roofmaster, while a third man advances the conveyor.

Productivity

Under favorable conditions on a long-wall face 600 ft long a crew of ten men
would be required to operate the trepanner and the self-advancing support system.
Their assignments would be as follows:

1 trepanner operator.

1 roof support man to operate the two-prop units.
1 roof-support man to operate the three-prop units.
1 roof-support man for advancing the conveyor.

1 clean-up man.

1 cable attendant.

1 auxiliary timberman.

1 conveyor operator.

1 shot-firer.

1 maintenance man.

The total investment required for this Roofmaster support system is estimated
to be approximately $350,000; this does not include cost of the production ma-
chinery.

It is estimated that the foregoing equipment and crew operating on a 600 ft face
in a seam 5 ft thick could produce from 750 to 1000 tons of coal per shift.®

THE GLOSTER GETTER

The Gloster getter consists of three parts; the motor, the cutting unit, and the
haulage unit. These three parts are mounted on a common base plate."

The cutting unit consists of two 2 ft 10 in. bottom horizontal jibs and a top jib
which is 2 ft 6 in. long. The horizontal jibs are all in the same vertical plane. The
top jib is mounted on an adjustable turret.
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In addition there are two shear jibs of lengths suitable for the thickness of the
seam.

The machine is powered by a 62 hp (1 hr rating) electric motor. The haulage unit
consists of a vertical enclosed rope drum operating through a ratchet gear to give
traveling speeds of 1-6 ft/min.

The machine is only 15 in. wide and can operate in seams as thin as 2 ft 8 in.
In seams where the roof parts readily and no top jib is necessary seams as thin as
2 ft 4 in. have been worked.

The machine does not have to be turned around in the stable hole and can cut
in either direction simply by reversing the direction of rotation of the motor which
reverses the direction of travel of the cutting chains. The cutting section is fitted
with two dog clutches which allow the shear jibs to be swiveled so that the direction
of travel of the cutting chains is always downward.

The machine has been successfully used in many pits and has given saleable
O.M.S. of from 4.7 to 10.3 tons; however, the bulk output is small and in certain
instances it has failed because it was underpowered and could not cut at a rate
fast enough to produce economical results. However, it is a versatile machine and
can operate under a wide range of roof conditions and in any type of coal.

COAL PLOWS

The coal plow 1s designed to be pulled along the face and to cut a layer of coal
from the face in a “planing” action. The broken coal is deflected or plowed onto
the adjacent face conveyor.

A CLASSIFICATION OF COAL PLOWS
Early patents 1912-1936

Static blade plows Activated plows Scraper boxes
I
Slow speed High speed
Standard Iplow< 1942 Lobbe plow 1949 Oscillating types 1943 Rope hauled 1943
Steep seam plow 1943  Multi-plow  195] Percussive types 1945 Panzer driven 1954
Cutter plow 1947 Anbuuholbel 1953 Resononce|plow 1947
Radbod plow 1948 Prism plow 1953 Huwood slicer 195!

|
Samson stripper 1948 Cutter plate plow 1954 Russian developments 1948-1952

Pecler plow 1851  Hydraulic multi-plow Autopercussive plow 1955

FIG. 8. Coal plough classification.(®)
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Coal plows are classified as either “low speed” or “high speed”. An additional
classification includes coal plows which are actually scraper boxes which both cut
the coal and transport it laterally along the face.

Low-speed plows may travel at speeds from 10 to 70 ft/min while high-speed
plows may travel at speeds from 70 to 100 ft/min.

The coal plow travels in the space between the armored face conveyor and the
coal face and is held against the face by the lateral pressure exerted on the conveyor
frame by pneumatic or hydraulic cylinders which are spaced at distances from 10 to
40 ft apart depending upon the hardness of the coal seam.

Plows are pulled along the face by chains or cables. The rope pull required
normally does not exceed 20 tons.
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F1G. 9. A plow for use in steep seams. (An early version of the coal plow.)(¢>
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Figure 8 is a classification of coal plows. Figure 9 shows one of the early models
developed in Germany. Because of the special conditions required for its successful
application this plow is no longer in use.

The Standard Plow®

The standard plow was introduced into Great Britain in 1947 but was only
suitable for soft coal and has been superseded by other types of plows.

The standard plow was designed to cut and load coal in both directions and the
correct shape and position of the shear blade was of considerable importance.
The standard plow was 20 ft long, 2 ft 4 in. wide and 2 ft high and weighed
2% tons.

The height of plow used depends on seam thickness and is usually one-third to
one-half the seam height. The plow was pulled to and fro along the face by means
of rope haulage which was capable of exerting a pull of 10-12 tons with a single
rope purchase and twice that amount with a double purchase.

In the Morrison Busty Seam on a face 225 ft long the plow gave a face O.M.S.
of about 12 tons and on a 420 ft long end face the O.M.S. was about 7.4 tons for
the face and 3 tons for the district.

SLOW-SPEED PLOWS

Slow-speed plows include the Kohlenhobel and the Schramhobel.

The Kohlenhobel was the first plow put into service in Germany and is very
simple in construction, consisting simply of a chassis on which is fixed a wedge-
shaped blade designed to peel a layer of coal about 12 in. thick from the face.

The Schramhobel is similar in operation to the Kohlenhobel except that instead
of a single cutting blade it is equipped with a series of blades or cutters arranged
in a stepped fashion so that different blades cut to different depths. This arrange-
ment gives a pre-cut and makes it possible to cut harder coals than with the Kohlen-
hobel.

Slow-speed plows equipped with stepped knives generally cut only in one direc-
tion, the cutting run being made at speeds of 15-20 ft/min and the return being
made at 30-60 ft/min.

In order to maintain productivity with the slow-speed plows it is necessary to
take as deep a slice as possible during the cutting run and the depth of slice may
vary from 6 to 12 in., according to the hardness of the seam.

The machine is hauled along the face by a %—in. diameter wire rope which is
wound by a 40-h.p. electrically driven winch located in the tail gate.

Slow plows have been successfully used in conjunction with pre-cutting of the
face but it appears that they will be superseded by rapid plows because of the
greater productive capacity of the latter machines.
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RAPID PLOWS

The Loebbehobel is a rapid plow which is equipped with three or four protrud-
ing picks or bits. The plow is double-ended and cuts as it traverses in each direction
along the face.

The machine normally travels at a speed of about 75 ft/min and takes a slice of
coal 3-4 in. thick off the face at each pass.

It is pulled to and fro by an endless chain which is driven by the gearheads at
each end of the armored conveyor. Maximum pulling force is about 20 tons.

This machine is capable of working in seams 1 ft 8 in. thick up to 7 ft thick and
can produce, load, and deliver to a gate conveyor from 1.5 to 5 tons/min.®

The plow works well in seams which are soft or are hard but friable but will not
work well in coal which is “tough’ or “woody”.

Example of Installation®

An installation of the Loebbehobel was made in the Britannia Colliery in South
Wales in 1952 on a single unit face 540 ft long where the average seam thickness
was 3 ft 3 in. The cleat line was at 45° to the face line. The plow was capable of
operating in either direction and took between a 2-in. and a 6-in. slice of coal over
the lower 15 in. of the face, the upper section falling after the plow passed.

The plow was hauled across the face by means of a —%-in. mild steel traction
chain with a breaking strength of 50 tons.

Pneumatic rams held by staker props were attached to the conveyor and pushed
the conveyor and plow up to the face with a pressure of approximately 26,000 1b.
Stables at each end of the face were formed by a team of men who used pneumatic
picks to get the coal.

The face was supported by G.H.H. extendable roof bars and Dowty props with
a prop-free front system. Waste was pneumatically stowed to minimize subsidence
and to improve ventilation.

A total of fifty-eight man-shifts were worked at the face during each 24-hr
period and a total of 2368 tons produced during a 5-day week. This gave a face
O.M.S. of 8.2 tons.

The Loebbehobel can only be installed with its special driving head which is a
part of the face conveyor. The Anbauhobel uses the same cutting head as the
Loebbehobel but it uses a separate motor for driving the plow.

The Anbauhobel

The Anbauhobel is designed for installation on an existing conveyor system and
consists of a plow unit complete with its own drive motors so that it is not necessary
that the conveyor drive motors be used to power the plow.



F1G. 10. Coal plow. (Maschinenfabrik und Eisengiesserei A. Beien)
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Fi1G. 11. A coal plow at the face. (Maschinenfabrik und Eisengiesserei A. Beien.)
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With the Loebbehobel the plow is pulled by one motor, that is the one toward
which it is traveling. With the Anbauhobel it is possible because of the endless tow
chain, to apply power from both motors to the plow at the same time.

It is possible to set up the independent plow drive at any intermediate point along
the conveyor.

The Gusti Multiplow®

The Gusti multiplow is a type of rapid plow which was developed in Holland
and was designed to work relatively thin seams under difficult conditions.

Small plow units, 3 ft in length, are spaced along the face 45-60 ft apart, and are
connected by steel ropes. At each end of the conveyor the free ends of the rope
are coupled to small-diameter drums driven from the conveyor motors. Plow units
are pulled to and fro along guides which are integral with the conveyor.

In an experimental installation at Waterhouses Colliery Co., Durham, the
multiplow face has produced a face O.M.S. of 3.8 tons in a seam 21 in. thick.

This type of plow has not found any extensive application in Great Britain, only
three being in service in 1957.

ACTIVATED PLOWS

Various special plow-type machines have been designed which are equipped with
pneumatic percussive picks or oscillating blades so that harder coals could be
worked by plowing.

FIG. 14. Some early coal plows. (a) The single-ended Schnellhauer. (b) The Hannibal hewer.(

The earliest machines of this type were developed in Germany and included the
Schnellhauer, the Hannibal hewer, and the Stobhauer.

The Schnellhauer depended upon two out-of-balance rotors which turned at
relatively high speed and caused the main body of the plow to oscillate. These
vibrations were transmitted to the cutting blade which was in contact with the
coal and pressures of 100-200 tons were developed at the cutting edge.

The Hannibal hewer was a double-ended version of the Schnellhauer and gave
a relatively good performance over a long period of time.
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Both of these machines were eventually rejected, however, for the following
reasons:®

(1) Studies indicated that 80 per cent of the energy was being dissipated in bear-
ing and friction losses.

(2) The oscillations became surpressed as the cutting edges became embedded in
the coal seam.

(3) Breakages of rotor bearings and bearing housings were excessive.

(4) Wear of plow and conveyor was excessive.

(5) Compressed air consumption was considered to be excessive.

Other activated plows were designed including two equipped with pneumatic
picks which did not prove powerful enough to work the harder coals.

Attempts were also made by German engineers during the war years to develop
self propelled plows, one of which would have been equipped with double crawler
tracks one set of which would run on the floor while the other would bear against
the roof. These designs were partially developed but never put into operation.

The Huwood Slicer

The Huwood slicer, developed in Great Britain, has been the most successful
of the activated plows, and in 1959 some twenty-three were in use in British
collieries.

This machine consists of three main units as follows:(?

(1) The main frame which travels on the face side of the conveyor and carries
the slicing blades. It travels on rollers.

(2) The adjustable goaf frame which travels on the goaf side of the conveyor.

(3) The power unit which joins the other two units and forms a bridge over the
conveyor.

The machine is equipped with a 60 hp motor which, through a series of gears,
drives ecentrics which impart a circular motion to a bearing bar which rotates at
340 rpm with a 2-in. displacement. (Reduced to % in. in new models.)

To each end of the bearing bar is fixed a plate which is equipped with a series of
cutting picks. These picks are given a chipping motion and as the machine advances
along the face they cut a kerf at the back of the slice. The actual depth of the slice
is limited to a maximum of 14 in. The broken coal is then guided by the plow-
shaped wedgehead on to the armored conveyor.

Since both ends of the bearing bar hold cutter picks the machine can cut in both
directions of travel along the face. Bottom coal is removed by blades fitted at the
base of the wedgehead.

The machine is supported on the conveyor by four horizontal rollers and four
vertical rollers are fitted to take the side thrust.

The haulage unit consists of a 25 h.p. motor mounted at the tail end of the con-
veyor and driving an endless chain. The return chain is carried in a special channel
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on the goaf side of the conveyor. Available speeds of haulage are 12.75, 17.25
and 21.25 ft/min.

The slicer can work satisfactorily in seams of 4%ft thickness and over although a
machine is being designed which will work in seams down to 3 ft thick.

SLICER LOADER MAIN ERAME.

ADJUSTABLE GOAF SIDE FRAME.

F1G. 15. Main components of the Huwood slicer-loader. (Hugh Wood & Co., Ltd.)

In hard coal pre-cutting of the face may be required.
A face length of 600 ft is considered to be satisfactory for operation of the slicer.
Stable holes are required at each end of the face.

The Samson Stripper

The Samson stripper is a self propelled machine which was designed for conti-
nuous mining of long-wall faces. The machine is equipped with two bladed wedge
heads which are mounted on opposite ends of a frame on which the propulsion
unit is mounted.

The machine propels itself by pushing against a vertical hydraulic cylinder jack
which extends to fix itself between roof and floor and form an anchor post against
which the machine can push.

When the vertical jack is extended and in place, hydraulic cylinders push the
cutting head forward in the coal for a distance of about 30 in., wedging off a web
of coal about 24 in. thick. Maximum push available from the horizontal cylinders
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is about 45 tons. The machine requires very strong roof and floor so that the anchor
jack can be adequately set. In 1959 there were only three of these machines at work
in British collieries.

SCRAPER BOXES

The principle of the scraper box has been used for many years in metal mines
for the transportation of ore along the face. The system involves the use of a
number of steel boxes or scrapers which are connected in a series, and are pulled
to and fro along the face so that the load deposited by each is picked up by the
next box down the face and eventually is delivered to the loading gate.

By fitting the scraper boxes with knives or blades it is possible, under favourable
conditions, to rip the coal from the face and transport it, step by step, to the
gate. A very powerful winch is required for this duty and the cable must be capable
of exerting pulls of up to 25 tons.

Scraper boxes are held against the face by a guide rail pushed by compressed air
cylinders. Since no face conveyor is used the prop-free front needs to be only
slightly more than 3 ft wide.

The scraper box itself consists of two side plates which are rigidly connected
together at the top edge. The box is open at the bottom front and at the top. The
back of the box is formed by a flap which is hinged at the top and opens towards
the inside of the box only.

The length of travel usually adopted is the length of the spacing between boxes
plus 15 ft. The capacity of the boxes varies from 19 to 35 ft3.

There were ten scraper box installations operating in Britain in 1961 in seams
from 12 in. to 3% ft thick.”

In 1954 the output from scraper box installations was about 150,000 tons at a
face O.M.S. of a little over 4 tons.”

THE FLEXIBLE ARMORED CONVEYOR(®

The face conveyor is an essential part of a coal plow installation and the failure
to design a suitable conveyor was an important factor which retarded the appli-
cation of coal plows.

The following are the essential requirements for a face conveyor:

(1) The structure must be such that it can form a guide for the coal plow and
can withstand the heavy side pressure exerted by the plow.

(2) The joints must be flexible enough to allow the conveyor to be advanced in a
snaking fashion while it is running.

(3) The conveyor must have a high capacity and be strongly constructed.

(4) The conveyor must be able to operate as a unit over a long length.

Since the war this type of conveyor has been developed into an efficient unit
which satisfies all the above requirements and is universally used on plow faces.



FiG. 16. Armored conveyor with coal cutter mounted. (Maschinenfabrik und Eisengiesserei A. Beien.)
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The conveyor may be driven by one, two, three, or four driving units. Each
driving unit consists essentially of an electric motor, fluid coupling, and reduc-
tion gearing. If necessary compressed-air motors may be used.

Each motor has a squirrel-cage rotor, exerts high torque, is surface cooled, and
normally ranges up to 55 hp. Its synchronous speed is 1500 rpm and through the
reduction gearing conveyor speeds of approximately 100, 150, or 200 ft/min can
usually be obtained. The traction-type fluid coupling allows the motor to start light,
takes up the load gradually and equalizes the load on the driving motors.

The conveyor is actually constructed of troughed, steel place sections each 5 ft
long and fabricated in one piece. This construction allows a lateral flexing of 2 ft
in 25 ft and vertical flexing of 3 in. in 5 ft.

The conveyor chain is made of 18 mm in diameter 0.25 per cent carbon steel,
electrically welded, heat treated, tempered, and calibrated for length. The connect-
ing links join the lengths of chain and receive pins which can be removed while
keeping the chain continuous.

Depending on site conditions and power supplied to the multi-drives, capacities
of up to 300 tons/hr can be achieved and faces up to 400 yd long can be served.

The choice of devices for advancing the conveyor in modern plow installations
lies between compressed-air pushers and hydraulic jacks. The selection of either
type depends mainly on:

(a) Power supply. Where compressed air is available at a constant pressure of
not less than 60 psi, pneumatic rams can be successfully employed, given reasonable
seam conditions. Where no compressed air is available or the supply is inadequate,
hydraulic rams must be used.

(b) If the coal is soft then the plow has to be held firmly against the face to obtain
the maximum depth of cut and the hydraulic ram is better suited to these condi-
tions. With hard coal a certain amount of flexibility of the conveyor is desirable
in order to minimize wear of the equipment and to avoid excessive tractive pull
on the plow. The pneumatic jack has definite advantages under these conditions.

In very thin seams the pneumatic ram is at a disadvantage when compared with
the hydraulic type due to its size which may hamper movement of personnel in
the face.

Where conditions are difficult due to a soft floor or adverse grade the hydraulic
rams can develop greater thrust than the compressed air type.

(c) Generally hydraulic rams are unsuitable for high-speed coal plows due to
their lack of elasticity. For slow plows and scraper boxes, however, a hydraulic
ram has been designed which is provided with a cushioned movement.

Pneumatic rams may be single or double acting with thrusts varying from 0.7
to 1.4 tons at 60 psi. Compressed air for the rams is carried along the face, usually
in armored hose, which is supported on the goaf side of the conveyor and advanced
with it.
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NEW TYPES OF CONTINUOUS MINING EQUIPMENT

The Mawco Cutter Loader

The Mawco cutter unit is designed so that it can be attached to any standard
long-wall coal cutter which is equipped with a horizontal drive shaft for disk shear-
ing.

As the cutter is drawn along the face the single cutting chain cuts a kerf com-
pletely around the perimeter of a strip of coal, freeing it from the solid at the top,
bottom, and back, while at the same time a horizontal rotating breaker bar breaks
the strip of coal and a plow attached behind the cutter deflects the broken coal onto
the face conveyor.

The machine has shown an ability to produce a large proportion of plus 2-in.
coal, and for that reason the number in use will probably increase markedly during
the next few years.

The Dranyam Power Loader

The cutting unit in the Dranyam power loader is a drum, set with picks, which
rotates about a vertical axis. The machine is mounted on an armored conveyor
and as it is pulled along the face the rotating picks rip coal from the face and deflect
it onto the face conveyor.

The principal point favoring this machine is that it makes its own stables, and
therefore allows a reduction in the large proportion of the face manpower which is
normally required for this operation.

v

The Dawson Miller Stable Hole Machine

The Dawson Miller stable hole machine is a new development and has been
designed to mechanize the extraction of stable holes thereby reducing the face
manpower requirements and increasing the rate of face advance.

The machine consists of a cutting unit which travels on a specially constructed
rigid conveyor frame.

The cutting unit consists of a motor and a gearbox which drives a rotating
cutting disk the diameter of which determines the height of the stable hole. This
unit travels from end to end of the rigid conveyor frame which extends for the full
length of the stable.

The machine is essentially a very narrow web Anderton shearer, which cuts a
%—in. web each time it traverses the face. The cut coal is conveyed on the rigid frame
conveyor and discharged onto an auxiliary conveyor which conveys it to the main
system.



Fi1G. 17. Typical Dawson Miller stable hole machine installation. (Hugh Wood & Co., Ltd.)
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Power Units

The conveying and traversing mechanism is driven by a 7% h.p. motor and
gearbox arrangement. The 7% h.p. motor also drives a hydraulic power pack which
is built into the drive head section of the conveyor and which supplies oil for push
rams, for lifting jacks for horizon control, for chain tensioning rams, and to drive
the auxiliary conveyor.

A four-speed gearbox fitted to the drive unit allows a choice of cutting speeds
between 16 and 41 ft/min depending upon the hardness of the coal.

The cutting unit is driven by a 15 h.p. electric motor and speed-reducing gearbox.

Cutting Unit

The rotating cutting disk equipped with six arms, each holding a cutter pick, is
mounted on the output shaft of the speed-reducing gearbox which is driven by a
15 h.p. motor. The whole assembly is mounted on a carriage which is traversed
continuously and automatically from end to end of the rigid frame conveyor along
guide rails.

Traverse Mechanism

This mechanism automatically traverses the cutting unit from end to end of the
frame and automatically reverses its direction at the end of each traverse.

Advance Mechanism

The conveyor frame is automatically advanced by means of hydraulic pushing
rams attached to it. The amount of advance or depth of web is controlled by toe
plates at floor level, one at each end of the frame, which are maintained in contact
with the stable face by the action of the pushing rams. As the cutting disk cuts by
the toe plates, the resistance offered to them is removed. This allows the pushing
rams to automatically advance the conveyor frame until the toe plates again contact
the face, thus sumping in the cutting disk for a further web to be taken.

Conveying System

The rotating disk loads the cut material onto the deck plate of the conveyor.
A 14 mm round-link chain with cantilever flights then conveys the material to a
discharge port in the deck plate of the conveyor through which it passes onto the
auxiliary conveyor. This conveyor is designed to allow the stable hole machine to
advance 4% ft without requiring movement of the face conveyor or stage loader.
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Joy—Sullivan Road Ripping Machine

The Joy—Sullivan road ripping machine has the following characteristics:®

(a) It can be mounted and operated in a standard roadway producing an excava-
tion 13 ft wide by 10 ft high. (b) It incorporates provision for advancing the machine.
(c) The cutting drums are designed for sumping as well as shear cutting. (d) Dust
suppression is catered for by the use of integral water sprays; (e) Debris disposal
is arranged for by scraper packing or by transference through the centre of the
machine by conveyor.

The machine consists of’:

(a) A skid mounted base, moved and positioned by wire ropes actuated by
hydraulic cylinders. (b) A cutter head frame or carriage mounted on the base
advanced or retracted hydraulically in relation to it, over a range of 2 ft 3 in.
(c) A large diameter tube supported in the cutter head frame, which provides the
pivot for the cutter arm and the mounting for the cutter drive. (d) A transmission
drive consisting of a 60 h.p. electric motor, fluid coupling, reduction and drive shafts
to the three cutter drums. (¢) A cutter arm mounting the three cutter drums which
is positively controlled in the vertical plane by hydraulic cylinders. (f) Three cutter
drums each fitted with tungsten carbide insert picks on the periphery and face,
and staggered in relation to each other to assist in the clearance of cuttings. Integral
water sprays provide a jet of water at each cutter pick point. (g) A twin jack arrange-
ment mounted at the top of the cutting head frame, giving a positive loading
between the roof arch girders and the machine, to give complete stability to the
machine when cutting and also to assist in the setting of the roof girders. (h) An
hydraulic pump driven from the main motor and operating the hydraulic cylinders.

Operation

(1) The machine is positioned with the centre line of the drive on the centre
line of the roadway, the cutter drums touching the face of the rip with the cutter
head retracted on the base, and the cutter arm in the horizontal position to cut
at the bottom of the rip on the operator’s side.

(2) The roof jacks are raised against the roof to stabilize the machine.

(3) The machine is sumped into the face up to 12 in. by advancing the cutter
head frame using the carriage jacks. An indicator is mounted on the base to show
the depth of the sumping.

(4) The cutter arm is turned in the vertical plane through 180°, cutting the whole
face, using the cutter arm jacks.

(5) The arm is returned to its initial position.

(6) Operations 3, 4 and 5 are repeated to take a further 12 in. cut.

(7) Chains are fastened to the front of the extension rods of the carriage jacks
from anchor points under the lip, the roof jacks lowered and the machine base
advanced forward.



Fi1G. 19. Joy-Sullivan road ripping machine. (Joy-Sullivan Ltd.)
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The approximate times for the above operations are:
Sumping in 12 in. — % min; cutting — 2-3 min; returning cutter arm — 1 min;
advancing base after fixing chains — 1 min.
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Fi16. 20. Joy-Sullivan road ripping machine (side view). (Joy-Sullivan Ltd.)

Roadway Excavation Sizes

The machine is made suitable for three sizes of roadway excavation. In addition
packing pieces can be used to increase the cutting height up to a further 12 in.
The following list shows the various excavation sizes and the minimum height
required under the ripping lip.

Model RR.227 | RR.245 | RR.246

ft in. ft in. ft in.

Width of excavation 13 15 17 6

Width of finished roadway 12 14 16 6
Height of excavation

standard 10 11 12 3

with 6 in. packing 10 6 11 6 12 9

with 12 in. packing 11 12 13 3

Minimum heights of ripping lip are as follows: No packing—2 ft 6 in.;
with 6 in. packing—3 ft; with 12 in. packing—3 ft 6 in.
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Stone Disposal

Ina 3 ft 6 in. seam a 12 in. cut gives 5 tons of stone. In a 2 ft 6 in. seam the
tonnage is 6 tons. This is produced in 2-3 min plus %min for sumping, so that the
rate of production of stone may be at 2 and even more tons per minute. In consider-
ing methods of stone disposal it is necessary to provide a system which can operate
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Fi1G. 21. Slusher packing of stone from a road ripping machine.(®

at these rates or provide bunkerage capacity, or the cutting will have to be inter-
mittent. It is undesirable to use the machine cutting at slower speeds because this
results in increased dust production.

Four methods of stone disposal have been tried:

(a) Loading on to a center conveyor passing through the machine. This is
capable of dealing with maximum rates of cutting. Chutes from the sides of the
roadway to the centre conveyor eliminate all handfilling. Alternatively, a conveyor
along the side of the roadway may be used. A cross conveyor can be fixed to the
machine immediately below the cutting arm to give transverse loading of the stone.
This cross conveyor is driven hydraulically from a power take-off from the machine.

(b) Slusher packing. This system is well known, there being about 700 units in
operation. It provides a very effective means of stone disposal with the ripping
machine. The rate of loading is dependent on the length of run of the packing
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bucket. On average the rate of packing is about 1 ton per min, but in practice the
floor immediately below the cutting arm forms a bunker.

The team required is two for a 5 or 6 ft advance per shift and three for a 10 or
even 15 ft advance per shift. In the first case one man is positioned on the face at
the pack-hole and one man operates the two machines. About one-third of the cut
is taken and then the stone cut is slusher packed. The two operations are repeated
with the second and third sections of the cut. With three men operating, one man
again is on the face, one man on the ripping machine, and one man on the slusher.
Cutting and packing is continuous and slushing is continued whilst the cutting arm
is returned to its original position and until all the stone is packed.

(c) Gob flinging. A standard long-wall coal cutter fitted with a gum-stower head
was sited alongside the ripping machine. The stone was delivered to it by a cross
front conveyor and then flung into the pack hole. In practice the results were not
successful, mainly due to the lumps produced causing blocking, and wet dirt stick-
ing to the gum-stower. The speed of stowing when operating was under éton/min,
which necessitated a very slow cutting arm speed of 10-12 min. A 5 ft advance was
obtained in 52 hr with four men.

(d) Pneumatic stowing. In this system the stone was again loaded by cross-
conveyor onto a conveyor alongside the machine and then to a Markham crusher
stower. The stowing pipe was carried through the machine to a 90° bend for stowing
in the pack-hole. The results showed that a 5 ft advance may be obtained with
three men per shift and a 10 ft advance with four men per shift. The main dis-
advantage experienced with the apparatus used was that the rate of stone disp >sal
does not keep up with the rate of cutting. Again a cutting arm speed of 10 min
was necessary giving a maximum loading rate of about % ton/min. Either some
form of bunkering is required or a greatly increased stowing capacity.

From the various time studies taken, rates of advance of 30 ft per shift are possible
in a solid heading where the stone is loaded away from the machine by conveyor,
assuming the support setting can be accommodated in 20 min/yd. On long-wall
faces slusher packing can give an advance of up to 15 ft/shift.

In seams greater than 4 ft thick, slusher packing of roadside packs is not normally
practiced in that the length of pack is not sufficiently long to give efficient operation.
It is probable in these seams that pneumatic stowing will prove the best method of
stone disposal. As explained the standard crusher-stower has a limited capacity
and a larger unit of at least 1—1% tons/min is advisable, incorporating a crusher
unit to break down any oversize obtained.

Sequence of Operations

The following is a sequence of operations for a 5-ft advance using scraper packing
and is repeated for a 10-ft advance. Normally two men are required for a 5-ft
advance per shift and three men for a 10-ft advance per shift.
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(1) Set machine chain staker-props, return sheaves, pull forward ripping machine
base, then set slide bars and props in position. (2) Cut 1 ft and scraper pack.
(3) Move ripping machine base forward 1 ft. (4) Move slide bars 1 ft. (5) Cut 1 ft
and scraper pack. (6) Move slide bars forward 1 ft. (7) Cut 1 ft and scraper pack.
(8) Set arch girder in gate. (9) Move ripping machine base forward 2 ft. (10) Reset
slide bars and props. (11) Reset left hand return sheave (if necessary). (12) Cut
1 ft and scraper pack. (13) Move slide bars forward 1 ft. (14) Cut 1 ft scraper pack
and clean up. (15) Set temporary arch in gate. (16) Slide bars and props are reset
to face on coal-filling shift.

The following shows a time study of a typical operation.

BREAKDOWN OPERATIONS

10-ft. advance — 2 packs of 5 ft. — 3 men.

Time
(min)
1  Set staker props, prepare pack hole,
thread ropes for scraper packing 25

2 Prepare lip and set lip supports 20

3 Advance base 2 ft 4

4 Rip and scraper pack 1ft 10

5  Advance base 1ft 4

6  Move lip supports 2 ft 4

7  Rip and scraper pack 1ft 10

8 Rip and scraper pack 1ft 10

9  Advance base 2 ft 4
10  Move lip supports 2 ft 4
11  Rip and scraper pack 1ft 10
12 Rip and scraper pack 1ft 10
13 Draw rope from pack, clean-up and finish

packs 10
Total for 5-ft advance 125

Total for 10-ft advance 250 min
Setting girders — 3 at 25 min each 75 min
Approx. total time for 10-ft advance 5% hr

Supports

The roof jacks with the girder support can carry the center section of a three
piece arch, to support the roof between the face of the rip and the last permanent
setting. When a new arch requires to be set, the centre section is then already
positioned for bolting of the side legs. Alternatively, two piece arches may be used
and the extension piece can carry the forward temporary support. With the profiled
section of roadway cut, setting of the arches is a simple and rapid operation.
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ltem Equipment Supplier Item - Equipment Supplier ltem| Equipment . Supplier
Seaman Gullick powered supports with remote Gullick Ltd. i4 | Loading ramp pans C.E.E. 32 | Gate end box (for stable hole equipment) tail gate | Area No. 4 E.M.
control IS | Hydraulic Conveyor drive C.EE. 33 | Stable hole equipment (loader gate) Dawson Miller | Area No. 4 E.M.
2 | AB. 125 hp A.S.i. (without precutting jib) 20 in | Area No. 4 E.M. | 16 | M.R.E. loudspeaking telephone Gullick Ltd. or Joy
web drum dia. 42 17 | Stage loader | Area No. 4 E.M. | 34 | Stable hole equipment (tail gate) Dawson Miller | Area No. 4 E.M.
3 | Plough 18 | Gate conveyor | Area No. 4 E.M. y
4 | Source and detector unit for vertical steering 19 | Hydraulic power pack face supports Gullick Ltd. 35 | Transformer (air cooled) 3.3 Kv to 550 V Area No. 4 E.M.
5 | Hydraulic control for vertical steering 20 | Hydraulic power pack face supports Gullick Ltd. 36 | Transformer |10V Area No. 4 E.M.
6 | Ranging underframe and ram for vertical steering 21 | Hydraulic power pack A.F.C. drive C.E.E. 37 | Obstruction d tor leading on cutting stroke C.E.E.
7 | Power cable . 4 E.M. | 22 | Control console Gullick Ltd. 38 | Obstruction ctor leading on flitting stroke C.E.E.
8 | Water hose Area No. 4 E.M. | 23 | Control box for remote control of chocks Gullick Ltd. 39 | Face end stops C.E.E.
9 | Pilot cable C.E.E. 24 | Vertical steering control C.E.E. 40 | Machine position indicator haulage end M.R.E.
10 | Mk. It cable handling equipment (A.S.L. with chain | Gullick or C.E.E.| 25 [ Remote control of hydraulic conveyor C.E.E. 4] | Meth ( hi d M.R.E.
haulage troughs and carrier chain) 26 | Gate end box (machine supply) ) Area No. 4 E.M. | 42 | Methanometer (tail gate) M.R.E.
1t | Mk. 1l N.C.B. standard conveyor pans chains flights | Area No. 4 E.M. | 27 | Gate end box (hydraulic power pack A.F.C. drive) | Area No. 4 E.M. | 43 | A.C. supply unit C.E.E.
drive and tail end ramp pans 28 | Gate end box (hydraulic power pack face supports) [ Area No. 4 E.M. | 44 | Section switch Area No. 4 E.M.
12 | N.C.B. standard conveyor drive head frame with | Area No. 4 E.M. | 29 d box (hydraulic power pack face supports) | Area No. 4 E.M. | 45 | Independent hydraulic haulage C.E.E.
sprocket assy. 30 d box (stage loader drive) Area No. 4 EM. | 45 | D.C. supply unit C.E.E.
13 | N.C.B. standard conveyor tail head frame with | Area No. 4 E.M. | 31 d box (for stable hole equipment) Isader | Area No. 4 E.M. | 47 | Ripping machine [\ )
sprocket assv. ate - N
Pt

FIG. 22. The ideal remotely operated long-wall face.(10)
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The timbering system for support of the roof under the ripping lip, when stone
disposal is by scraper packing, may use slide bars and cabbage heads on hydraulic
props, bull-rails being added if required. When another form of stone disposal is
used, straight bars or girders across the roadway supporting the lip are preferable.

REMOTELY OPERATED LONG-WALL FACES

Remotely operated long-wall faces have been developed in Great Britain and two
of these faces were in operation in 1963.4'9 All operations of the face machinery
are controlled by an operator who sits at a console 60 yd away in an adjacent
roadway.

The mining equipment goes through the sequence of events involved in the
continuous mechanical extraction of coal, apparently by itself.

One installation, R.O.L.F. 1, is in the 3 ft 7 in. thick High Main seam at
Newstead Colliery, No. 4 Area, N.C.B. East Midlands Division; and the other is
in the 4 ft Piper seam at Ormonde Colliery, No. 5 Area of the same division.

The two installations have differences in manufacturing and design detail, but
they are identical in concept. Each contains the elements essential to remote con-
trolled or automatic operation which are as follows:

(a) A power loader which can steer itself. Vertical steering of the Anderson-
Boyes 125 chain-hauled shearer is provided by application of a nucleonic coal
sensing device. Horizontal steering and the advance of the face in a straight line
depends upon periodic surveying and the moving over of the ram extensions of
the powered roof supports by pre-set amounts.

(b) A cable-handling device.

(c) Means of removing fine coal from the face side of the conveyor. This would
otherwise prevent the conveyor from being advanced.

(d) Remotely controlled powered roof supports. Standard units are employed in
these installations.

(e) Face communications, facilities, and the ability to stop and lock out machin-
ery in an emergency.

(f) The necessary instrumentation and monitoring system to control the sequence
of operation of the face machinery.

The general layout for an ideal remotely operated long-wall face is shown in
Fig. 22.

BIBLIOGRAPHY

1. SINGH, B. and SEN, G. C., Progress in the mechanization of coal getting in Great Britain,
Colliery Eng., February, 1961, pp. 64-74.

. HisLop, J., Mechanization at Whitehill Colliery, Iron & Coal Trades Rev. July 22, 1960.

. Sunnyside longwall, Coal Age, May, 1962.

. Hydraulic method of roof support, Mechanization, April, 1959, pp. 135-137.

. SINGH, B. and SEN, G. C., Progress in the mechanization of coal getting in Great Britain,
Colliery Eng., March, 1961, pp. 115-121.

b Wi



LONG-WALL MINING — NON-CYCLIC OPERATIONS 223

. WiLLiams, P., Coal ploughs and their application, Colliery Eng.. October, 1957, pp. 421-430
. SINGH, B. and SEN, G. C., Progress in mechanization of coal getting in Great Britain, Colliery

Eng., April, 1961, pp. 163-169.

. SINGH, B. and SeN, G. C., Progress in mechanization of coal getting in Great Britain, Colliery

Eng., June, 1961, pp. 262-270.

. MuLLins, E. D., Experiences and applications of the Joy road ripping machine, Sheffield

Univ. Mining Mag. Paper presented to the Society on 15th May, 1962.

. Remotely-operated longwall faces — a World first for British mining engineers, Colliery

Eng., August, 1963, pp. 312-323.



CHAPTER 6

ECONOMICS OF COAL FACE
MECHANIZATION

CoAL has long been the world’s basic industrial fuel and its principal source of
energy. Within the past few years, however, coal has been meeting with increasing
competition from natural gas and petroleum products, and the annual U.S. pro-
duction of bituminous coal and lignite for the past several years has held fairly
steady in the neighborhood of 400 million tons.

Table 1 shows coal production in the U.S., by methods of mining, for the years
1958 through 1961.

TaABLE 1. U.S. BITUMINOUS AND LIGNITE PRODUCTION, BY METHODS OF MINING AND CLEANING,

1958-1961.
Method of mining Thousand net tons Percentage of total
and loading 1958 1959 1960 1961* 1958 1959 1960 1961*
Underground:
continuous mining 56,373 65,792 77,928 86,000 13.7 16.0 18.8 21.5

conventional mining:
mechanically loaded | 187,200 177,939 167,858 151,000 456 432 404 378
hand loaded 43,311 39,703 39,102 37,000 10.6 9.6 9.4 9.2

total, conventional | 230,511 217,642 206,960 188,000 56.2 h52.8 49.8 470

total, underground | 286,884 283,434 284,888 274,000 69.9  68.8 68.6 68.5
Surface:

strip mining 116,242 120,953 122,630 118,000 28.3 294 295 295
auger mining 7,320 7,641 7,994 8,000 1.8 1.8 1.9 2.0
total, surface 123,562 128,594 130,624 126,000 30.1 312 314 315
total, all mines 410,446 412,028 415,512 400,000 100.0 100.0 100.0 100.0
mechanically
cleaned 259,035 269,787 273,169 266,000 63.1 65.5 657 66.5

* Preliminary.

On the basis of productivity in the United States the average labor cost of a ton
of coal is around 45 per cent of the mine price.'” Mines with the latest equipment
and methods, and average conditions, may achieve outputs of 15-20 tons/man/day

224
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and thus may reduce labor costs to about 25-35 per cent of the average value of a
ton of coal, which is about $5 per ton at the mine.

As further wage increases are granted, more mines, in order to stay in business,
are forced to seek more efficient operating methods. The advent of roof bolting
subsequent to 1947 was a step forward in reducing support costs. Roof bolting
operations have been mechanized to the point that one man can drill a hole and
install a bolt in approximately 2 min.
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FiG. 1. Average tons per man per day at bituminous coal and lignite mines in the United States,
1915-1961, by underground, strip, and auger mines.(12)

The principal efforts at increasing efficiency and reducing costs have been centered
in the development of continuous-mining machines which eliminate the cutting,
drilling, and blasting cycle. In order to support these machines with their high
production capacities, great improvements in transportation devices, such as shuttle
cars and conveyors, have been made.

Underground productivity in terms of “tons per man-shift”” has been improved
year by year. In 1937, for example, the average rate of productivity was 4.50 tons
per man-shift. By 1956 the overall average production of coal and lignite by all
underground methods was 8.62 tons/man-shift. This figure has risen to over 11 tons
per man-shift by 1961. (The tons per man-shift are calculated on the average
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States by method of mining and loading, in 1960.(3)
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number of men working daily, including all men engaged in the production and
preparation of coal.)
Figures 2 and 3, and Table 1 summarize coal production by methods.
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FiG. 4. Trends of employment, mechanization, and output per man at bituminous coal and lig-
nite mines in the United States, 1905-1961.(12)

EFFECTS OF MECHANIZATION

Pillar Mining Systems

Improvements on coal cutting, loading, and transportation equipment have made
it possible for a single continuous-mining unit to produce coal consistently at the
rate of 400-600 tons/machine shift over a period of several months, and for con-
ventional mechanized units to produce coal at the rate of 200-500 tons/unit shift,
consistently.

This means that fewer machines are required to produce a given amount of coal,
and also that a given daily tonnage may be produced from a very limited working
area. Conversely, it is necessary, for maximum utilization of machine capacity,
that a minimum amount of time be lost in moving equipment from one heading
to another during the working shift. Therefore production from each unit must be
confined to a limited area during each shift. Limiting the area, and the higher rate
of extraction of coal in turn simplify the support problem.
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At present 87 per cent of all underground production in the United States is
loaded by mechanical loaders.’® The present trend in mechanization is toward
increased use of continuous-mining machines. In 1952, 8 million tons of bitumin-
ous coal were mined by continuous-mining machines. In 1961 it was estimated
that 86 million tons were mined by this method. The trend in underground mining
systems, and roof support methods, is toward those which permit most efficient
utilization of these mechanical methods.

Productive Time

In twenty mines studied which employed conventional mining methods and
continuous-mining machines'® the productive time (face time less all delays) for
continuous miners ranged from 2.58 to 5.67 hr (see Table 2). Major operating
delays resulted from mechanical breakdowns on equipment, work stoppage to
permit timbering, haulage interruptions, and interruptions due to moving and
maneuvering of equipment. In five mines the lunch time loss was eliminated by
staggering the lunch periods of the crew members.

TABLE 2. DISTRIBUTION OF 8-HR SHIFT(*)

Time (hr)
Mine No. Travel Lunch Face M%chamcal Other delays | Productive
elays
1 1.00 * 7.00 0.65 1.40 4.95
2 1.00 +0.50 6.50 1.00 2.50 3.00
3 1.25 0.50 6.25 0.70 1.25 4.30
4 0.67 0.50 6.83 1.50 0.50 4.83
5 0.50 S 7.50 0.28 2.52 4.70
6 1.33 0.50 6.17 1.00 0.17 5.00
7 1.67 0.50 5.83 0.83 1.80 3.20
8 0.50 0.50 7.00 0.67 1.08 5.25
9 225 * 5.75 0.67 2.50 2.58
10 2.00 * 6.00 1.00 0.50 4.50
11 1.25 * 6.75 0.50 1.00 5.25
12 1.00 0.50 6.50 0.83 0.17 5.50
13 1.50 0.50 6.00 0.40 1.93 3.67
14 1.25 0.50 6.25 1.00 1.50 3.75
15 1.10 0.50 6.40 0.32 1.00 5.08
16 0.80 0.50 6.70 1.10 0.50 5.10
17 0.33 0.50 7.17 1.20 0.30 5.67
18 1.00 0.50 6.50 1.50 2.00 3.00
19 1.00 0.50 6.50 1.00 1.33 4.17
20 1.50 0.50 6.00 0.67 0.33 5.00

* No time loss — crew lunch period staggered.



COMPARISON OF PERFORMANCE OF CONTINUOUS-MINING AND MOBILE-

Performance of continuous-mining and of mobile-loading units at the same
mine is compared in Table 3. Mines are shown in order by thickness of the bed
mined. No distinction of performance extracting pillars and mines not extracting
pillars was made in this study. Productivity of raw coal per man-shift by continuous-
mining units was greater than by mobile-loading units for the same thickness of
coal at the same mine. These differences ranged from 2.7 to 45.3 tons of raw coal

per man-shift.

ECONOMICS OF COAL FACE MECHANIZATION

LOADING UNITS

TABLE 3. COMPARISON OF PERFORMANCE OF CONTINUOUS MINING
AND MOBILE LOADING(%)

Continuous mining Mobile loading
. Bed Raw coal (tons) Raw coal (tons)
Mine No. | thickness
mined (in.) | Per unit per | Per man per | Per unit per | Per man per
shift shift on unit shift shift on unit
9 41 179.9 27.7 90.6 9.7
16 42 101.0 13.5 * *
7 42 104.8 17.5 123.8 14.8
11 42 121.0 22.8 89.1 11.1
8 42 139.0 23.6 183.0 15.3
10 43 133.3 22.2 100.0 9.1
5 48 150.0 23.1 * *
16 53 105.2 19.1 * *
17 54 250.0 38.5 200.0 16.7
1 54 369.2 46.1 190.2 19.0
12 55 180.0 27.7 155.0 15.5
6 57 199.7 30.7 130.0 17.0
20 58 141.7 19.8 141.7 11.8
18 72 565.0 70.6 304.0 25.3
19 73 209.0 29.8 306.0 21.6
13 74 188.5 26.9 * *
15 76 210.0 323 271.7 17.4
4 84 278.0 61.8 385.0 39.8
2 84 313.6 48.3 * *
14 90 206.0 29.4 154.9 14.5
3 102 293.5 48.9 373.0 259

* No production from mobile-loading units.

Production Curves

Production data for the two types of mining at the twenty mines studied'® are
shown graphically for comparative purposes by plotting tons of raw coal per man
per shift in the unit crew against the thickness of coal mined (see Fig. 5.) Group-
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FIG. 6. (a) Assuming the same width and depth of a cut of coal, the tonnage produced from the

cut is directly proportional to the height of the coal.(t)

(b) Available loading time varies with the height of the coal seam for a fixed amount and
type of loading and conveying equipment.(1)
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weighted average points were calculated and plotted for groups of mines having
nearly the same mining thickness. The curves shown were based on these points.
The curve for continuous mining tends to flatten off at 102 in.

However, this trend is not conclusive because: (1) Only one mine in this bed-
thickness category was included in the study, and (2) continuous-mining machines
mining greater bed thicknesses were not available for study. Probably the same
gradual upward trend of the production curve would be maintained in mining bed
thicknesses greater than 102 in. if continuous-mining machines were developed to
mine greater bed thicknesses. In opening a new mine, or in converting an old
mining system to continuous mining, it is possible from the curves shown to
approximate the tons of raw coal per man-shift in unit crews that could be pro-
duced from different bed thicknesses.

For the mines studied it was apparent that continuous mining was the most
productive method (per man-shift) of underground mining whether pillars are, or
are not, extracted. Cleaning and sizing of the product does not seem to pose any
difficult problems for most preparation plants. In fact, in two of the mines studied
which were using continuous-mining and mobile-loading equipment, the reject
from continuous mining was 4 and 8 per cent and from mobile loading, 10 and
20 per cent.

Limitations on Continuous Mining

In those seams, or portions of seams, which contain “sulfur balls”’ or other pyritic
inclusions, the use of continuous-mining machines may not be economical. Because
of the hardness of pyrites it is difficult to cut, even with tungsten carbide bits, and
not only causes excessive wear on machines but the shift tonnage is greatly reduced.

Generally the efficiency of a continuous miner decreases as the height of the coal
seam decreases. The ripper-type continuous miner uses five phases to complete a
cycle; these are tram, sump, raise rippers, lower rippers, and position rippers.
During a cycle coal is being produced during two of these phases only — sumping,
and raising or lowering the rippers. With decreased height of seam the non-pro-
ductive operation phases consume a greater percentage of the face cycle time.

The success of a continuous miner depends to a great extent on roof conditions.
This machine can operate a maximum efficiency if roof conditions will permit a
full breakthrough length before the machine has to move to the next place. If the
roof requires support each time after the miner has advanced 10 or 15 ft then the
production capacity of the machine will be greatly reduced.

Generally continuous miners can produce about 20-25 per cent more per shift
when working pillars as compared with production from development work. The
continuous miner can work on one pillar until it is extracted whereas conventional
equipment must have at least three pillars in order to employ all section units
efficiently. For this reason conditions will probably be more favorable for the use
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of continuous miners after a mine is fully developed and a large portion of the
production comes from pillar extraction.

The continuous miner produces a large proportion of fine coal. Plant capacity
for cleaning fine coal costs more than plant capacity for cleaning coarse coal and
it is also a fact that the operation of the fine coal cleaning plant costs more than the
coarse coal cleaning plant. This is a cost which must be taken into account when
comparing overall production costs.

Generally a continuous mining section will require about six men for operation
while a conventional mining section will require about nine men. The continuous
mining section will usually show a higher output per face-man than the conventional
but the conventional section will produce more tons per shift. Therefore it will
require more continuous mining sections to produce a given tonnage. This must
be taken into account when figuring overall costs.

MINING EQUIPMENT COSTS

Costs of Haulage Units

The cost per mile of main line haulage system (85 1b. rail) in a thick coal seam
is about $150,000. The cost of a high speed 35-ton locomotive is about $85,000.
Approximate costs of cars and rotary dumps are shown in Table 5. Modern track
systems are capable of handling 400 or more tons per shift per employee.

TABLE 4. SOME HAULAGE SYSTEM DESIGN FACTORS(®)

. Thickness of seam.
. Total daily raw-coal production.
. Maximum length of haulage system.
Available coal reserves.
. Physical shape of property.
. Seam contours, grades, general and local.
. Nature of mine roof and bottom.
. Percent of reject.
9. Size, nature and tonnage of rock to be handled.
10. Number of daily production shifts.
11. Mining plan and layout.
12. Type of mining equipment.
13. Availability of equipment.
14. Life of mine.
15. Type of power employed for face equipment.

R NAAUMAWN =

Table 6 lists costs of various types of conveyors. In 1957 about 38 per cent of the
total underground production was carried by conveyor. Belt conveyors have gained
the fastest acceptance in relatively thin seams where their use eliminated the need
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for brushing the roof and floor. Conveyors also have an advantage over wheeled
or tracked equipment where grades are irregular.

TABLE 5. APPROXIMATE 1958 MINE CAR COSTS(®)

Car description Capacity Type coupling Cost
Solid body, 4-wheel, roller bearing 5 ton Link and pin,
spring bumper $1200
Solid body, 8-wheel, roller bearing 10 ton Automatic $2500
Solid body, 8-wheel, roller bearing 15 ton | Automatic $3300
Solid body, 8-wheel, roller bearing 20 ton Automatic $4200
Approximate cost single-car rotary dump, total $70,000-$85,000

For drop-bottom cars, add $100-$300 to approximate costs above.

For high-strength corrosion-resistant steel bodies, cost is 5-10 per cent higher.

TABLE 6. CONVEYOR COST COMPARISONS(?)

1. Panel Belts (rope type; troughing idlers on 6-ft centers; return,

18-ft centers)

36in.X1000 ft ... $28.61 per ft

42in.x1000ft ... ... ... . 32.81 per ft
2. Cross Belts (conventional type, including 4-ply,

32-0z duck, } in.x } in. belting)

36inx130ft ... ... $56.92 per ft

36in.x210ft ... .. 44.76 per ft
3. Main Belts (all with 4-ply, 50-1b belting)

(a) Conventional type (troughing idlers on 5-ft

centers; returns on 15-ft centers)

36 in.x2500 ft (60 hp) ................... $33.59 per ft
36in.x3000ft (75hp) ................... 32.76 per ft
36 in. x4000 ft (100 hp) ................. 31.85 per ft
42 in.x2500 ft (7S hp) ................... 38.18 per ft
42 in.x3000 ft (100 hp) .................. 37.56 per ft
42 in.x4000 ft (125hp) .................. 37.38 per ft

(b) Rope sideframe belts (troughing idlers on 6-ft
centers; returns on 18-ft centers)

36 in.x2500 ft 60 hp) ................... $26.60 per ft
36 in.x3000 ft (75 hp) ................... 25.97 per ft
36 in.x4000 ft (100 hp) .................. 25.50 per ft
42in.x2500 ft (75hp) ................... 30.86 per ft
42in.x3000 ft 110 hp) .................. 30.50 per ft

42 in.x4000 ft (125 hp) .................. 30.46 per ft
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TABLE 7. COMPARATIVE FACE COSTS— CONVENTIONAL VERSUS CONTINUOUS MINING FACE EQUIPMENT
FOR VARIOUS SEAMS(®)

(Figures in the following table are averages for equipment costs, crews and tonnages to be
expected from a new mine of the seam heights shown, using the latest 250 d.c. or 440 a.c.
equipment. Cost of continuous miners includes roof drills and water sprays; but no other ex-
tras, such as power take-offs or automatic lubrication, are included in any of the machine cost
figures. Estimates are based on a seam height half-way between the two figures in any column,
i.e. 32 in. for the 28- to 36-in. column, 40 in. for the 36- to 44-in. column, etc. If the seam
is higher than this half-way mark, figure costs a little higher. If the seam is lower, reduce the
costs shown slightly. As a general rule, machinery and power costs go up as the seam gets
thicker, but production increases by a greater ratio.)

Type Equipment crew Seam heights (in.)
.Ot.‘ and tonnages
mining 28-36 36-44 44-60 60-84 84
Face drill $ 1000 $ 1000 $32,500 $46,000 $46,000
] Cutter 53,000 53,000 58,500 58,500 58,500
k= Loader 37,000 37,000 36,000 40,000 40,000
= 2 shuttle cars 55,000 52,000 55,000 75,000 90,000
’g? Roof drills - 11,000 11,000 27,000 27,000
o
'g Totals $146,000 $154,000 $193,000 $246,500 $261,500
2z Face crew 9 men and 11 men and | 11 men and | 12 men and | 12 men and
8 1 boss 1 boss 1 boss 1 boss 1 boss
Tonnage shift 300 350 450 550 700
Tons/face man 30 29 37 42 53
Miner - - $120,000 $151,000 $151,000
Extensible belt - — 94,000 94,000 110,000
Totals — — $214,000 $245,000 $261,000
Face crew - — S5menand | 5 menand | 5 men and
o0 1 boss 1 boss 1 boss
£ Tonnage shift — - 450 500 600
-'25 Tons/face man — — 75 83 100
é Miner $110,000 $121,000 $120,000 $153,000 $148,500
2 Loader — - 36,000 40,000 40,000
"g 2 shuttle cars 55,000 52,000 55,000 75,000 90,000
© Totals $165,000 $173,000 $211,000 $268,000 $278,500
Face crew S5menand | 5menand | 7menand | 7 menand | 7 men and
1 boss 1 boss 1 boss 1 boss 1 boss
Tonnage shift 250 300 450 500 600
Tons/face man 41 50 56 62 75

In general, either mobile equipment or conveyors may be used for transporta-
tion in seams which pitch up to a maximum of about 8-10°. For seams pitching up
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to a maximum of about 18-20° conveyors are most satisfactory. For pitches steeper
than about 20° metal slides may be used to convey the coal to entries. Coal will just
slide on wet galvanized iron at a slope of about 20°.

Comparative Costs — Conventional vs. Continuous Mining Equipment

Table 7 shows comparative costs for equipping a face with conventional equip-
ment as compared with costs for continuous equipment. The costs of the latter
are higher but fewer men are required for its operation.

Mining Equipment and Production®

Hypothetical comparisons of equipment requirements, equipment costs, crew
sizes, and production rates for continuous and conventional systems of coal min-
ing in thick seams (5 ft and higher) and in thin seams (3 ft) are always interesting.
For example, continuous mining in a production section of 5-ft coal may include
two boring-type continuous miners, two seven-unit Molveyors, two sectional belt
conveyors and one belt gathering conveyor, all at a cost of about $600,000. A 7-hr
shift should produce 800 tons, average, with a ten-man crew.

Under conventional methods in a 5-ft seam, a production section might have
two rubber-tired universal cutting machines, two high-capacity crawler-mounted
loaders, four shuttle cars, one face-drilling machine, one roof-drilling machine,
and one belt gathering conveyor. Total cost would be about $400,000, and average
production of 700 tons per 7-hr shift could be expected with a crew of twelve
men.

Continuous mining in 3-ft coal would be not unlike that for the 5-ft seam, but
would differ in equipment required. At an investment of some $400,000, two thin-
seam boring-type continuous-mining machines, two bridge conveyors, two mobile-
head chain conveyors and one belt gathering conveyor should average 600 tons in
a 7-hr shift, with ten men in the production crew.

Conventional mining in 3-ft coal probably would call for two universal cutting
machines, two thin-seam conventional loading machines, four shuttle cars, two
hand-held face drills, one roof drill and one belt gathering conveyor at a capital
outlay of about $360,000. This equipment and a crew of eleven men should
produce an average of 500 tons/shift of 7 hr.

The cost per ton mined in the continuous-mining system consistently averages
less than the cost per ton in the conventional mining system —an average figure
might be somewhere in the vicinity of fifty cents per ton less. One example we might
cite is that a mine working a particular seam with continuous borers came up
with a face cost per ton reduced to one-half that of conventional mining costs even
when including the cost of labor and maintenance as well as materials such as
roof support supplies, rock dust, bits, oil, and grease.
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TABLE 8. COMPARISON OF THE COST OF PRODUCTION FOR MACHINE LOADED COAL
FROM FIELD “A”> — COMPARING THE YEAR 1949 WITH THE LAST HALF OF 1959(10)

Q) 2 “) &)
1949 Last half 1959 | _ () | Projected 1969 | Possible 1969
_Percent
Item Cost 9% of | Cost 9 of INCrease | cogt % of | Cost 9 of
per total per total d ec(r)tr:ase per  total per total
ton  cost ton  cost ton  cost ton  cost
Productive labor i$1.30 29.0 [$0.89 194 —32 |$0.61 12.6 |$0.21 5.3
Service labor 099 22.1 0.89 194 —10 0.79 16.3 0.66 16.7
Total direct
U.M.W.A
labor $2.29 51.1 |$1.78 38.8 —22 |$1.40 289 |$0.87 22.0
Mine supplies 0.66 14.8 1.03 226 +56 1.61 332 1.20 30.3
Power 0.12 2.7 0.13 2.8 + 8 0.14 2.9 0.14 3.5
Mine supervision,
clerical, and misc.
Mine overhead
expense 0.48 10.7 0.44 9.6 — 8 0.40 8.2 0.36 9.1
U.M.W.A. welfare
and vacation pay | 0.28 6.2 0.47 10.3 +68 0.47 9.7 0.47 119
Total mine cost | $3.83  85.5 |[$3.85 84.1 +0.5% |$4.02 829 |$3.04 76.8
All taxes, insurance, '
compensation,
dues, and assess-
ments 0.28 6.2 0.34 7.4 +21 0.41 8.4 0.41 10.3
Administrative
expenses 0.12 2.7 0.11 2.4 - 8 0.11 2.3 0.11 2.8
Depreciation 0.25 5.6 0.28 6.1 +12 0.31 6.4 0.40 10.1
Total cost of
production
(exclusive of
depletion and
tonnage
royalties) $4.48 100.09;|$4.58 100.0% +29% |$4.85 100.09;| $3.96 100.0%;

LONG-WALL MINING SYSTEMS — COSTS AND PRODUCTIVITY

The foregoing section dealt with the mechanization of pillar mining systems
under the relatively favorable natural conditions found in U.S. mines. The aver-
age productivity per man-shift in European mines where long-wall mining systems
are used almost exclusively is much less, being generally of the order of 1-2 tons
per man-shift. Approximate average production in short tons per man-shift in
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1958 in Great Britain was 1.3; in West Germany 1.3; in Belgium 0.9; in France
1.3. In Russia the production per man-shift was about 1.6 tons in 1955.

All the figures given above are based on the total number employed, both on
the surface, in preparation plants, and underground, at underground mines.

Relatively unfavorable natural conditions are largely responsible for the low
production figures. In many cases the seams lie under cities, canals, and highly
developed areas and surface subsidence must be closely controlled. Packing or
backfilling is often required.

In addition the coal seams tend to be ratherirregular in dip, having been subjected
to folding and faulting.

The depth pressure usually necessitates the use of extensive and carefully placed
support. Thus 75-80 per cent of face labor may be devoted to roof support. This
compares with the U.S. pillar systems in which only 10-20 per cent of face labor may
be required for support in development headings and 15-25 per cent of face labor
may be expended on roof support during pillar extraction.

METHODS FOR INCREASING PRODUCTIVITY OF LONG-WALL SYSTEMS

In the United States the relatively shallow depths of the workings and the gener-
ally favorable geological conditions have encouraged the development of machinery
designed for room-and-pillar work. In Great Britain and in Europe the depths of
the coal beds now being worked result in heavy ground pressures. These pressures,
together with the necessity for conservation of coal by total extraction of the
seams, and the necessity for protection surface improvements by limiting the
amount of surface subsidence, have caused the long-wall system to be used almost
exclusively.

Recent efforts to increase output per man-shift (O.M.S.) have been directed to
applying mechanized equipment to the long-wall face. Recent improvements have
been:

(1) The application of shearers, trepanners, plows, and similar machines which
rip or cut the coal from the face and load it onto the face conveyor in a continuous
operation thereby eliminating the drilling and shot-firing cycles.

(2) Improved systems of roadway supports which include the application of
“double packing”, the installation of yielding steel arches, and the application in a
few instances of roof or floor bolting.

(3) Improved systems of face support. Yielding steel props, and hydraulic props
have given greatly improved control of the roof. Systems of self-propelled hydraulic
roof supports have been introduced within the past few years and where they have

been used they have greatly reduced the number of men required for operation of
a long-wall face.
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Self-Advancing Hydraulic Props

At Sunnyside, Utah, a system of self-advancing hydraulic supports was installed
in conjunction with an Anderton shearer on a 310 ft face in a seam 5-6 ft thick.
With this equipment a crew of eleven men (four of whom operated the supports)
consistently produced 400-500 tons of raw coal per shift.

Russian efforts at improving support systems for long-wall workings have con-
centrated on developing a system of mechanized self-propelled props, or a system
of self-propelled shields, which can be advanced mechanically as the face advances.
Shields for use in steeply dipping coal seams resemble steel canopies which support
themselves on ledges of coal left in place along the hanging-wall and on the
foot-wall. Under the protection of the shield a layer of coal is scraped out, the
shield is then lowered and another layer of coal is scraped out, progressing thus to
the level below.

Roof Support Costs on Long-wall Faces

Roof support is the principal cost item in the long-wall system. At least two, and
usually three rows of props must be provided behind the advancing face. In addi-
tion, if the roof is strong, a row of breaker props, wooden cribs or chocks, may be
required to force the roof to fracture along the desired line.

TABLE 9. CLASSIFICATION OF EMPLOYEES AND NUMBER OF SHIFTS WORKED()
(Long-wall panel mined in Pocahontas No. 4 Seam, Helen, W. Va.)

. . Total number of shifts worked
Classification

Panel 1 | Panel 2 | Panel 3 | Total

Foremen 164 203 181 548
Operators 93 73 61 227
Headpiece cleaners 138 147 3 288
Tailpiece cleaners 93 73 60 226
Boom men 93 73 61 227
Beltmen 101 64 25 190
Loaders (clean up) 173 135 120 428
Jack setters and crib builders 1622 1402 1299 4323
Jack robbers 278 * * 278
Rock-dust men 90 — 3 93
Rock drillers 44 2 3 49
Slate men 14 3 — 17
Timbermen 8 — — 8
German instructor 93 — — 93
Cylinder man t t 43 43
Total 3004 2175 1859 7038

* Jack setting and robbing combined.
1 Cylinder man reported as jack setter.
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TABLE 10. MINING SUMMAR Y%

Panel 1 Panel 2 Panel 3 g:?::gf

Length of long-wall face mined (ft) 328 328 328 328
Length of block mined (ft) 1441 892 832 3165
Area of block mined (acres) 10.85 6.72 6.26 23.83
Average thickness of coal mined (in.) 34 34 34 34
Clean coal recovered from raw coal (%) 95 95 95 95
Total number of single shifts operated 93 73 61 227
Average retreat of face per shift (ft) 15.5 12.2 13.6 13.9
Number of man-shifts to mine block 3004 2175 1859 7038
Number of man-shifts to develop

panel* 2537 2071 1679 6287
Total man-shifts to develop and mine

block 5541 4246 3538 13,325

Raw coal (tons)

Production from panel 54,158 34,935 31,219 120,312
Average production per shift 582+ 479 513 530
Maximum production for one shift 842 732 747 -
Average production per man-shift 18.0t 16.1 16.8 17.1
Production from development 17,667 14,588 11,402 43,657
Total production from development

and mining 71,825 49,523 42,621 163,969
Average production per man-shift for

developing and mining 13.0 11.7 12.0 12.3
Average production per man-shift for

developing and mining by conven-

tional method at mine 10.9 10.0 10.0 -

* Includes moving to next panel and setting up equipment.
t Includes production during training period.

Props are ordinarily set about 3-4 ft apart, measured parallel to the face. This
means that an average face may require an average of one prop for every foot of
face length.

In addition wooden cribs, or chocks, may be spaced at 5-10 ft apart in one or
two rows behind the props. Thus every 10 ft of face may have ten props and one
or two cribs. A row of props must be “leap frogged” forward each time that the
face advances 3-4 ft.

Tables 9 and 10 show the labor requirements for three panels mined by retreat-
ing long-wall methods with full caving in the Pocahontas No. 4 Bed, Helen, West
Virginia. In this instance almost 65 per cent of the labor time was charged to support
labor; that is, to “‘jack-setters” and <‘jack-robbers’” (removing and resetting steel
props) and to “crib-builders”.®
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The foregoing example was for retreating long-wall with full caving. If pack-
walls, or filling, are used for support in the goaf area labor requirements will be
greater than those for full caving. It is estimated by German mine operators in the
Ruhr that the average total cost of backfilling is about equal to the costs of mining
the coal.'”? In many parts of the Ruhr district backfilling is required for control of
surface subsidence. Solid packing by hand permits the least subsidence (about
15 per cent of the coal bed thickness) but it is very expensive and suitable material
is hard to obtain. In steep seams fill material is dumped in and allowed to flow into
place by gravity. In flatter seams it may be blown in with “pneumatic packing
machines” or thrown into place by “throwing machines’ (see Volume 2, Part A,
Chapter 2).

The backfilling of mined-out areas is general practice where the coal bed incli-
nation is greater than 25°. Only about half of the mined areas in the flatter beds are
backfilled. In many the full caving system is followed.

In advancing long-wall systems support labor additional to the face labor is
required for the maintenance and construction of the roadways leading to the
face. As the face advances the “rear abutment” of the “pressure arch” compresses
the gob filling and tends to crush supports and to close the roadways. Thus consider-
able labor is required for “brushing” (ripping) the roadways, and for replacing
and repairing supports.

Choice of Machine for Coal Face Mechanization

Many different types of machines are manufactured for long-wall mining and
some of the factors which determine which machine will give the best service in a
given seam are as follows:

(1) The hardness or toughness of the coal.

(2) Thickness of the seam.

(3) Gradient of the seam.

(4) Direction of the cleat.

(5) Depth of the seam and strength of the roof rock.

(6) Market requirements for the coal.

(7) Presence of partings at roof and floor.

(8) Presence of dirt bands in the seam.

(9) General geological conditions and regularity of the seam.
(10) Total cost of a mechanized installation.

The aim of a mechanized installation should be to get a greater quantity of coal
at a reasonable cost from the same or a reduced number of men as would be
employed on a conventionally worked face.

In some cases softening of the coal by water infusion, shotﬁrmg, or pre-cutting
may be required before a suitable cutter-loader will work.



TABLE 11

Average performances
obtained during 2nd
quarter, 1959, in East

Minimum Cutting Midlands Division
. Nature of | Nature of Hardness Width of speed
Long-wall machines thisglzcirrlr;ss floor roof of coal web per min . ?ri?ed Pithead
X Ir;:r output per
M/c day Mt/c day
(yd?) (tons)
Plow 1ft 6 in. Reasonably | Not Soft and 6 in. fast 72.5 ft fast 271 275
(may be good critical Medium plow plow
less) hard 12 in. slow | 40 ft slow
plow plow
Huwood slicer 4 ft (less Not Not Not 14 in. 267 445
with new critical critical critical
model)
Meco Moore 3ft Strong Good roof | Medium 4 ft 6 in. 30 in. 288 467
hard
Trepanner 3 ft 3 in. Reasonably 27 in. 5-11 ft 402 500
good
Flight Loader 2 ft Reasonably | Not Not critical | Variable 131 124
good critical (Top coal

should fall)

(444
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Huwood Loader 1 ft 11 in. Reasonably |Medium 4 ft 6 in. 1.5-3.7 ft* — —
good Strong

Gloster Getter 2 ft 8 in. Reasonably | Good roof | Hard coal 30-36 in. 3-6 ft 222 261
good

Anderton Shearer 2 ft 6 in. Not Not Not 20, 16 and 10-18 fi 361 452
critical critical critical 30 in.

Dosco Miner 4 ft 6 in. Good Good Medium 5 ft 241 514

hard

Multi-jib cutter loader 2 ft Not Not Not 30-48 in. — —

critical critical critical

* Gives the speed of travel of the machine while loading.
The figures given in the above table are only approximate and are likely to vary.
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Table 11 is a rough guide to the suitability of some of the most popular coal
getting machines used in Great Britain.!® An attempt has been made to arrange
them in the order of their degradation effect.

Table 12® lists the maximum gradients being worked for varying conditions by
the various types of power loaders. On gradients exceeding 1 in 3 power winches are
needed to control the machine along its track.

TaBLE 12(®

. Gradient in
Gracti;lzntfaca;long direction of
Machine face advance
With Against . .
conveyor conveyor To rise To dip
Rapid Plow 1in 2.5 1in 12 1in5.5 1in 6
Huwood Slicer 1in 10 1in7 1in 11 1in 14
Meco-Moore 1in$5 1iné6 1in 4.3 1in 6
A. B. Trepanner 1in 4.7 1in 11 1in 8 1in7
Flight Loader 1inl.6 1in6 1in3 1in 15
Huwood Loader (Ski-Hi) 1in 8 1in6 1in6 1in 30
Anderton Shearer 1in 1.9 liné6 1in5 1in 3.5
Dosco Miner 1in 10 1in 10 1in 11 1 in 27

Once a certain type of machine has been decided on as suitable for an installation
the following factors should be considered in detail :¢®

(1) Types of supports and conveyor to be used.

(2) The possible degradation of the coal and its effect on coal preparation.
(3) The requirements of the stable hole.

(4) Wages and costs.

(5) Labor relations and safety.

(6) Organization of face operations and training of crews.

The total number of coal face machines in use in 1949 was about 176. By the end
of 1959 this figure had risen to 1036. The long-wall machines most commonly used
in 1948 were the Meco-Moore cutter loader and the Huwood loader, but the period
after 1953 saw the introduction of a number of new machines.

Table 13 shows the numbers and types of machines in use between 1947 and
1959.¢

The main reason for the decline of certain machines in popularity appears to be
the degree of degradation which they produce in coal sizes. The trend of mechaniza-
tion will probably be toward the use of those machines which produce the greatest
percentage of large coal. For this reason plows and trepanners will probably



TABLE 13(®

Type of machines

Number in use at the end of the year

1947 1949 1951 | 1953 | 1954 | 1955 1956 1957 1958 1959
A. LoNG-WALL MACHINES
1. Anderton Shearer loader — — — 25 78 192 302 294 311
2. Cutter chain loader - — 1 21 36 83 164 188 151 137
3. A. B. Trepanner — — — 1 2 5 11 30 72 116
4. A. B. Meco-Moore 20 49 65 94 102 118 135 127 115 104
5. Rapid Plow — — — 10 15 14 15 31 50 82
6. Huwood loader N/A 27 38 24 19 14 25 18 35 62
7. Multi-jib cutter loader - - — - 2 6 19 48 33 42
8. Huwood Slicer — — 1 1 2 2 7 15 24 23
9. Scraper Box — — — 2 8 9 9 15 21
10. Gloster Getter — — — 3 14 19 25 18 15 11
11. Dosco Miner — — — - 1 2 7 12 11 8
12. Slow Plow 1 1 3 10 7 12 7 9 10 6
13. Samson Stripper 2 3 6 6 6 4 6 5 6 3
14. Mawco cutter loader — — — - - - - - - 2
15. Gusto Multi plough — — — - 1 2 1 3 - —
Total 23 80 114 175 234 417 623 815 831 928
B. RooM-AND-PILLAR MACHINES
1. Gathering arm loader N/A 49 34 40 52 50 58 60 63 61
2. Joy continuous miner - - - 5 3 S 11 15 23 27
3. Duckbill loader N/A 47 34 29 31 22 20 26 22 12
4. Cutter chain loader - — 3 11 4 8 19 18 11 8
Total 96 71 85 90 85 108 119 119 108
Grand Total 176 185 260 324 502 731 934 950 1036

Note — The above table does not show the experimental models at the end of each year.

NOILVZINVHOINW 30Vd TV0OD 40 SOINONODH
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increase in popularity. The re-designing of the drum of the Anderton shearer may
improve the sizing of the coal it produces and bring a futher increase in its popular-
ity.

In bord-and-pillar workings there was no great change in the total number of
machines working although there was a decided increase in the number of conti-
nuous mining machines in use. Only a small percentage of coal is produced from
bord-and-pillar workings. In 1949, 12.4 per cent of total output came from bord-
and-pillar workings while by 1959 it had dropped to 7 per cent.®

Coal Degradation

One of the greatest drawbacks to mechanization has been the degradation of coal
size. If a proper choice of mining machine is not made it is possible that the advan-
tages gained by increased production will be offset by the decrease in the selling
price of the smaller coal which is produced.

The following precautions should be taken to reduce coal degradation on power
loaded faces:®

(1) Use sharp cutter picks.

(2) Prevent churning of the coal by stopping the machine as soon as the conveyor
stops.

(3) High chain speed and better gummers will reduce circulation of cuttings.

(4) Coal should not be broken any more than is absolutely necessary to prepare
it for cutting and loading.

(5) Inthin seams plows may be used to load the prepared coal rather than multi-
jib cutters.

(6) Haulage speeds as high as practicable should be used. The higher the haulage
speed the greater is the pick penetration and the less the degradation produced.

(7) Changes in the lacing of the cutter picks have resulted in improved sizes
from the Anderton shearer.

(8) The proportion of fines depends upon the thickness of the seam. For a parti-
cular width of kerf the proportion of fines increases as the seam thickness decreases.
This effect may be reduced by using thin kerf machines or by cutting into the floor.

Improvements Needed in Mechanization

There is need for improvement in certain methods and procedures on mechanized

faces. Great improvement in O.M.S. figures would be brought about by successful
solution of the following problems:‘®
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TABLE 14. PERSONNEL REQUIREMENTS AND WAGES COST FOR CONVENTIONAL FACE(Y)

Occupation Nbl; T’ Basic rate | Wage/shift Extras | Cost per shift
£ s. d £ 5. d s. d. £ s d
DAY SHIFT:
Colliers 31 1 6 0] 3 1 6 5 7 {103 19 7
Face roads 6 1 4 0 2 17 3 5 17 18 17 0
Belt tensions 3 0 17 6 1 1 0 2 5 3 10 3
Transfer point 1 0 17 6 1 1 0| 2 5 1 3 5
Measurer 1 0 17 6 1 1 0 2 5 1 3 5
Supports checker 1 0 17 6 1 1 0| 2 5 1 3 5
Belt attendant 1 1 7 9 1 13 4 5 17 1 18 11
Supplies 4 1 7 9| 1 13 4| 5 7 7 15 7
Deputy 1 16 5 0 2 9 0 5 17 2 14 7
AFTERNOON SHIFT:
Conveyor turners 4 0 18 O 2 4 4 5 17 9 19 8
Pipe fitters 3 0 14 O 1 15 9 5 7 6 4 0
Withdrawers 6 0 17 O 2 2 2 5 17 14 6 6
Chocks 6 0 18 0| 2 4 4 5 17 14 19 6
Face roads 3 1 4 0 2 17 3 S 7 9 8 6
Face roads assistants 6 1 10 9 1 16 11 5 17 12 15 0
Deputy 1 16 5 0| 2 9 0 5 17 2 14 7
NIGHT SHIFT:
Coal cutter operator 1 0 18 O 2 4 4 5 17 2 9 11
Coal cutter assistant 1 1 7 9 1 13 4 5 17 1 18 11
Coal cutter trackman 2 0 18 O 2 4 4 5 7 4 19 10
Water infusion 2 0 19 0 2 6 6 5 17 5 4 2
Belt attendant 1 1 7 9 1 13 4 s 17 1 18 11
Supplies 2 1 7 9 1 13 4} 5 7 3 17 10
Face roads 3 1 4 0| 2 17 3 5 7 9 8 6
Face roads assistants 6 1 10 9 1 16 11 5 17 12 15 0
Deputy 1 /16 5 0| 2 9 o 5 7 2 14 7
Total face personnel = 97
Output per day = 400 tons

Face O.M.S. = 4.1 tons
Total wages cost per day £258 1s. 7d.
Wages cost per ton 12s. 10.3d.

I

I

(1) Elimination of stable holes

A disproportionate number of men is required for the excavation and support
of stable holes. The Dawson-Miller stable hole machine which mechanizes the
excavation of stable holes is a partial answer to this problem (see Chapter 5).
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Another possible solution is a power loader which excavates its own stable hole
such as the Dranyam machine which has been undergoing tests during recent

years.

(2) Mechanization of rippings

A new ripping machine has been designed with a small diameter picked drum
mounted upon a radial arm contrived to arc over to cut the roadway roof in an

TABLE 15. PERSONNEL REQUIREMENTS, O.M.S. VALUES AND WAGES COST FOR LOBBE PLOW FACE(®

|
Occupation NbL::T- Rate/shift | Wage/shift | Extras | Total cost
£ s 4 £ s. d s. d. £ 5. d
DAy SHIFT:
Captain 1 1 5 O 3 1 6 5 17 37 1
Plow operators 2 1 1 0 2 10 9 5 17 S 12 8
Supports and pushers 14 1 1 0 2 10 9 5 17 39 8 8
Preparing stables 4 1 6 O 31 6 5 7 13 8 4
Preparing stables 3 1 7 9 1 13 4 5 17 5 16 9
Supports checker 1 0 17 6 1 1 0 2 5 1 3 5
Supplies 2 1 7 9 1 13 4| 5 7 3 17 10
Electrician 1 1 12 11 1 19 2 S 17 2 4 9
Face roads 3 1 4 O 2 17 3 5 7 9 8 6
Face roads 3 1 10 9 1 16 11 5 17 6 7 6
Deputy 1 16 S5 0 2 9 0 5 7 2 14 7
AFTERNOON SHIFT:
Chocks 6 1 1 0} 2 10 9 5 7 16 18 ©
Face roads 3 1 4 0 2 17 5 17 9 8 6
Face roads 6 1 10 9 1 16 11 5 17 12 15 0O
Deputy 1 16 5 0| 2 9 5 7 2 14 7
NIGHT SHIFT:
Water infusion 2 1 1 0 2 10 9 5 17 S 12 8
Fitter 1 1 12 11 1 19 6 5 17 2 5 1
Face roads 3 1 4 0 2 17 3 5 17 9 8 6
Face roads 6 1 10 9 1 16 11 5 17 12 15 0
Deputy 1 16 5 0| 2 9 o0 5 7 2 14 7
Total face personnel = 64
Output per day = 400 tons
Face O.M.S = 6.2 tons
Total wages cost per day = £175 2s.
Wages cost per ton = 8s.10.84.
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arched cross-section. A second picked drum rotates at the center of the arc. This
machine is still in the experimental stage and methods have to be devised to dispose
of the ripping dirt.

TABLE 16. COMPARISON OF COST— CONVENTIONAL FACE VS. PLOW FACE(®)

Capital cost of machinery and equipment for conventional face

Electrical equipment

Switchgear £
District feeder switch 296
150 kVA transwitch, 3.3 kV/550 V. 675
Gate end panel for gate conveyor 220
Gate end panel for stage loader 220
Gate end panel for face belt 220
Gate end panel for coal cutter 220
Gate end panel spare 220
Gate end lighting unit 230

Total for switchgear 2301

Cables
0.1 in.2 3-core P.I.LL.C.D.W.A. 3.3 kV grade, 300 yards 450
Connecting cable transwitch to gate end panel (type 20, 0.1 in.? T.R.S.),

75 yards 120
Cable. Gate end panel to stage loader and face belt (type 22, 0.0225 in.2

T.R.S.), 30 yards S1
Coal cutter trailing cable (type 4, 0.0225 in.2 T.R.S.), 200 yards 500
Cable joint boxes (type E.S.B.5), 4 64

Total for cable 1185

Motors
35 h.p. motor for gate belt 320
20 h.p. motor for stage loader 250
35 h.p. motor for face belt 320

Total for motors 890

Mechanical equipment

Coal cutter 1900
Face belt conveyor 2500
Rigid steel props (900) 675
W —section steel roofing bars (475) 475
Mechanical chocks (150) 2250
Compressed air pipes, 230 yd. 92
Water pipes, 230 yd. 50
Compressed air picks (10) 326
Electric drill 52
Boring machines with air leg mounting 360

Total capital cost (electrical and mechanical) £12,554
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Capital cost of plough face and equipment

Electrical switchgear
District feeder switch
150 kVA transwitch, 3.3 kV/550 V
Gate end switch for gate belt \
Gate end switch for stage loader [ 2 at 220
M.U. 81 sequence board (5 panel) for conveyor
Lighting unit

Total for switchgear
Cables

0.1 in.? 3-core P.I.LL.C.D.W.A. 3.3 kV grade, 300 yards

Connecting cable to gate end panel (type 20, 0.1 in.2 T.R.S.), 75 yards

Cable for conveyor motors (type 22, 0.0225 in2. T.R.S.), 500 yards
Cable joint boxes, 4

Total for cable

Motors
Plow motors (45 h.p.)
35 h.p. motor for gate belt
20 h.p. motor for stage loader

Total for motors

Mechanical equipment

Approximate cost of plow complete with conveyor and pushers, tele-
phones, compressed air hose, etc.

Dowty props

Hinged bars

Bar shoes

Chocks

Pneumatic picks

Electric drill

Boring machines with air leg equipment

Total capital cost of equipment

Extra capital cost of equipment for plow face
Electrical

Cost of switchgear for plow face

Cost of cables for plow face

Cost of motors for plow face

Cost of electrical equipment for plow face

Cost of switchgear for conventional face
Cost of cables for conventional face
Cost of motors for conventional face
Cost of electrical equipment for conventional face

Extra cost of electrical equipment for plow
face = £6,252—£4,376 = £1,876

296
675

440
1077
230

2718

450
120
850

64

1484

1480
320
250

2050

27,000
10,080
3234
640
2250
163

360
£50,031

2718
1484
2050

6252

2301
1185
890

4376
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Mechanical
£
Cost of Lobbe plow unit complete 27,000
Cost of coal cutter, face conveyor 4400
Extra cost of power loading equipment 22,600
Cost of roof supports, etc., for plow unit 16,204
Cost of roof supports, pipes, etc., for conventional face 3542
Extra cost for plow face 12,662

Total extra capital cost for plow unit =
£1876+£22,600+£12,662 = £37,138

Of this some £22,600 is for equipment classed as capital plant and machinery
such as conveyors, cutters, and power loaders. The remainder is classed as revenue
expenditure, e.g. roof supports, L.T. switchgear and cables.

Power costs

Assuming a charge of 1d. per Board of Trade Unit:

Per ton
Power cost for conventional face = 0.84d.
Power cost for plow face = 1.67d.

Extra cost for plow unit 0.83d.

Depreciation, interest, and maintenance charges
These charges are made on the excess capital incurred by the plow installation
and are based on annual costs.

Depreciation
For power loading machines at 18%% p.a. on £22,600 £4120 p.a.
For other machinery at 12—;% p.a. on £15,000 £1880 p.a.
Interest

For capital expenditure, i.e., 5% p.a. on £22,600 £1130 p.a.
Annual costs for depreciation interest £7130
Annual output 100,000 tons
Cost per ton for interest and depreciation 1s. 5d.
Cost per ton for maintenance spares 6d.

Summary and comparison
Saving in wages cost/ton for plow face = 12s. 10.3d.—8s. 10.84. = 3s5. 11.5d.

Extra cost per ton due to more expensive machinery

s. d.
Interest and depreciation 1 5
Maintenance spares 6
Power costs 0.83
Total 1 11.83

This represents a saving of 3s. 11.5d.—1s. 11.83d. = 1s. 11.67d. per ton of
output.
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(3) Goaf control

In many cases when hand packing is used in the waste area it is extremely difficult
to keep pace with the advance of the power loader. Where it is possible caving is
the best method to follow; but where the goaf must be packed this should be done
by power stowing.

COAL MINING METHODS

Economics of Face Productivity®

The economics of face productivity is influenced by the following factors:

(1) Personnel requirements and O.M.S. values.

(2) Wages cost.

(3) Capital cost of machinery and equipment.

(4) Interest and depreciation charges.

(5) Maintenance charges.

(6) Power costs.

(7) Installation and withdrawal costs for equipment.

(8) Any alteration to the value of the coal produced due to degradation.

Table 14 lists the personnel requirements and wage costs for a typical hand-loaded
face about 700 ft long. Table 15 lists the personnel requirements and wage costs
for the same face equipped with a Lobbe plow. Mechanization of this face reduced
wage costs by about one-third. Table 16 summarizes the effects of wage cost savings
and capital cost increases.

Effect of Face Length®

Table 17 illustrates the possible effects of varying lengths of plow faces and refers
to a seam 3 ft thick from which 8-in. slices are planed. This table indicates that the
length of face has little bearing on the actual output of the plow itself. However,
other factors which depend upon the face length have an important influence on
the O.M.S. If a given output is obtained from a short face that face must advance
a greater distance than a long face and the extra advance involves more work in
preparing stables, driving face roads, packing, and erecting supports.

Thus for best results a plow face should be as long as is possible consistent with
face gradient, geological conditions, ventilation considerations, and supervision

convenience.
TABLE 17®

Face Maximum Plow Stall Percentage .
length Plow run cuts per output output output by r(l: ublf )}Z‘;?gt
vd) shift (tons/shift) | (tons/shift) plow pping

215 185 6.3 259 42 86.5 15

265 235 5.0 261 33 89.0 12

315 285 4.2 264 28 90.0 10
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Productivity of Plow Faces in Germany

Coal plows are widely used in Germany where the soft and friable nature of the
coal and the inclination of the coal seams makes plows the favored machines for
face mechanization.
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Figure 7 shows the results of a study made to determine the relative productivity
of plows as against the productivity of faces where coal is won by hand-held
pneumatic picks and hand loaded onto face conveyors. The efficiency of the opera-
tion is expressed as the number of shifts worked at the face per 100 tons produced.
It will be noted that the efficiency increases with increasing seam thickness and that
the O.M.S. on plow faces was consistently greater than on hand worked faces.

The highest productivity for hand worked faces occurs at a seam thickness of
6+ ft while a comparable productivity is obtained from plow faces operating in
seams only 2 ft thick. Figure 8 summarizes the same information on a cost basis.
Table 18 lists the O.M.S. for three different types of plow installations which are
in use in Germany.

TABLE 18. PRODUCTIVITY OF PLOW INSTALLATIONS IN GERMANY(®)

Average Average
. Number of daily face
Machine installations output O.M.S.
(tons) (tons)
Lobbe plow 52 451 6.37
Anbauhobel 21 458 6.45
Step knife 2 - 4.9
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Coal Plows in The United States®

At an experimental installation in the Pocahontas No. 4 Coal Bed (35 in. thick)

three panels were mined on retreating faces (each 330 ft long) with a rapid plow
and the average O.M.S. for the three panels was 17.1 tons. The average rate of
face advance over the whole extraction period was 14 ft per shift.

In this installation yielding steel props were used for face support and timber

cribs were used for support at the caving line of the roof.

No stable holes were required as the triple entry previously driven at each end

of the long-wall face was used as space for the conveyor and plow drive heads.
Chain pillars which supported the triple entries were not recovered.

10.

11.

12.
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CHAPTER 1
PILLAR-SUPPORTED (OPEN) STOPES

STOPING SYSTEMS

In general, vein type metalliferous deposits lack the regularity of form and the
continuity of the bedded, non-metallic mineral ‘deposits. Therefore, advance plan-
ning of metal mining systems is often limited by the difficulty of obtaining adequate
advance information as to characteristics of such a depbsit. This applies particularly
to steeply dipping vein deposits. Usually only the upper portion of such a deposit
can be adequately explored by drilling prior to the commencement of mining. In
many cases mining is begun with only enough ore in sight to pay current expenses,
and additional ore is blocked out as stoping operations proceed to greater depths,

Some metalliferous deposits are entirely situated within a few hundred feet of
the surface. The zinc-lead deposits of the Tri-State District, and of thé Illinois—
Wisconsin fields, uranium deposits of the Colorado Plateau and of the Echo Lake
District of Canada, and bedded iron ores, in Alabama, and of France, are typical
of shallow deposits. Such deposits can be rather thoroughly explored, in advance of
mining, by core drilling, or by churn drilling, from the surface. The porphyry
copper deposits of the western United States usually have a large lateral extent as
compared with their vertical extent and can be thoroughly sampled by drilling
prior to commencement of mining.

For discussion purposes herein stoping systems will be divided into the following
classifications based upon the support methods used:

(1) Pillar-supported stopes (open stopes).
(2) Timber and/or fill supported stopes.
(3) Slicing or caving systems.

PILLAR-SUPPORTED STOPES (OPEN STOPES)

Open stoping is usually restricted to deposits with strong wall and/or roof rocks
In the Tri-State District the flat-lying zinc-lead deposits in limestone are mined by
open stoping methods, with pillars left at intervals to support the roof. These
deposits are located at depths of a few hundred feet and pillars from 20 to 60 ft
in diameter are spaced 40-100 ft apart (center to center). The character of roof and
floor, character of ore, and depth of deposit are some of the factors which determine
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258 MINING METALLIFEROUS DEPOSITS

how much ore must be left as pillars to support the roof. It has been estimated that
in the Tri-State District about 15 per cent of the ore was left as pillars.

Figure 5 shows methods typical of those employed in large ore bodies whose
roofs and walls are strong enough to permit open stoping. Such operations have
become highly mechanized, and heavy excavating and haulage machinery is
employed. High rates of production and very low costs are obtained with these
methods.

F1G. 1. Slusher scraping ore to an ore pass. (Ingersoll-Rand Co.)
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FIG. 2. Open stoping without pillars in a small ore body.®
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FiG. 5. A mining view in the Westside Mine.(®

Name of mine: Westside.

Tons of ore hoisted during period: 241,616

TABLE 1. SUMMARY OF COSTS®

Period covered: Year 1954
Mining method: Open stopes with pillar support

(1) Underground costs per ton of ore hoisted:

261

nglnol root
clcv 575 #t

Development
Mining
Transportation
(underground)
General under-
ground expense
Surface expense
(directly appli-
cable to under-
ground operation)

Total

09)] 2 ©)] O] (&) © (@)
Com-
Super- |pressed-air Explo- Other
Labor* visiont drills Power sives supplies Total
and steel
$0.543 $0.078 $0.006 $0.134 $0.073 $0.834
0.123 0.075 0.198
0.061 0.006 0.066 0.133
0.070 0.006 0.028 0.104
$0.797 0.078 0.018 0.134 0.242 1.269

* Includes 7.5 per cent of direct labor costs for social security, compensation insurance, and
unemployment benefits.
1 Included under labor.
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MINING METHODS AND COSTS

Westside Mine — Cherokee, Kansas

Figure 5 illustrates the mining methods used at the Westside Mine of the Eagle-
Picher Co., at Cherokee, Kansas. The mining costs at this mine (in 1954) are
summarized in terms of dollars per ton in Table 1 and costs are summarized in
terms of units of labor, power, and supplies in Table 2.

TABLE 2. SUMMARY OF COSTS IN UNITS OF LABOR, POWER,
AND SUPPLIES(2)
Name of mine: Westside. Period covered: Year 1954.
Tons of ore mined and hoisted: 241,616 Mining method: Open
stopes with pillar support

Mining
A. Labor (man-hours per ton)
Breaking (drilling, blasting, trimming) 0.124
Loading 0.062
Haulage and hoisting 0.082
Supervision 0.021
General 0.075
Total labor 0.364
Average tons per man-shift (underground) 2491
Average tons per man-shift (surface) 193.6
Average tons per man-shift (total) 21.97
Labor, percent of total cost 62.8
B. Power and supplies
Explosives (40 9 strength) (Ib. per ton) 0.4435
Total power (kWh. per ton) 3.76
(1) Air compression — 1.25
(2) Hoisting — 1.26
(3) Pumping — 0.94
(4) Ventilation
Lighting } — 031
Other supplies in percent of total supplies and
power 51.3
Supplies and power (percent of total cost) 37.2

Zinc Mine — Jo Davies County, Ill. (Gray Mine)

Figure 6 shows the methods used in room-and-pillar open stoping in a lead-
zinc orebody which was about 150 ft beneath the surface at its shallowest end and
about 500 ft beneath the ground surface at its deep end. This mine was located in
Jo Davies County, Illinois.
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Table 3 shows the mine organization; Table 4 lists the equipment used in mining
operations; Tables 5 and 6 list the mining costs and productivity respectively.

TABLE 3. MINING CREW (GRAY MINE)(®)

Mine superintendent
Foremen

Jumbo operators (drillers)
Diamond drillers

Shovel operators

Truck drivers

Bulldozer operator
Powdermen
Compressor-man
Maintenance-men (shop)

Total

g]w'—N'—'AhNOON'-‘

TABLE 4. SUMMARY — EQUIPMENT, POWER,
AND SUPPLIES (GRAY MINE)®)

24,000 cfm, low-pressure type fan.

800 ft? compressor

360 ft3 compressor (portable).

6-in. centrifugal pump.

8-in. American turbine (deep-well type).
two-jib drill jumbos, crawler-mounted.
HD-5 Allis-Chalmers front-end loader.
104 Eimco Rocker Shovel.

105 Eimco Rocker Shovel.

+-yard Koehring electric shovels.
+-yard Bay City electric shovel.

6-yard Koehring Dumptors.
LeTourneau-Westinghouse Tournapull Rear-Dumps.

N W = N e e e B b e e e e

Summary of Costs®

The tabulation in Table 5 covers operating, mining and milling costs at the Gray
mine of Tri-State Zinc, Inc., for the fiscal year ended June 30, 1955. Costs do not
cover management, mine-office, and miscellaneous general expenses, such as de-
preciation, depletion, taxes, and insurance (other than compensation and social
security).

Costs are based on the tonnage of dried ore mined and milled. Two mining
methods were employed — breast stoping and room-and-pillar open stoping, but
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costs are not broken down for the two methods. Current exploration and develop-

ment costs are includ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>